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Abstract

A large part of the efforts of companies in the automotive sector today is directed towards the
development of autonomous driving. According to many studies conducted in recent years,
autonomous vehicles (AVs) have the potential to introduce a real revolution in mobility. However,
those researches have focused only on certain aspects concerning self-driving cars and have failed to
seek a broader perspective on the topic that takes into account the perspectives of all actors involved.

This thesis, therefore, intends to capture the views of different stakeholder groups in order to
outline a systemic vision that can ensure the social benefits promised by autonomous driving and
provide guidance into how a city should prepare for the arrival of AVs. Specifically, through a
qualitative analysis, the opinions of experts from car manufacturers, tech companies, research
institutes, city municipalities and innovation agencies in the city of Gothenburg, Sweden, are
consulted. At the same time, the views of potential users are also taken into account through a survey
of 118 respondents.

A careful analysis of the data collected reveals some interesting insights into the spread of
self-driving cars. Firstly, the benefits afforded by AVs at the individual level could have detrimental
effects at the aggregate level on traffic and sustainability. Therefore, public sector intervention is
needed to incentivise the proper use of AVs, in the form of public transport or ride-sharing. Secondly,
given the lack of awareness of this technology, it would be advisable to educate the public in the use
of AVs. Considering city planning, it is desirable for the city to have a system of rules and allocate
space primarily to pedestrians, cyclists and public transport. Finally, with regard to the winning
strategy for the successful development of autonomous driving, the emphasis is on collaboration
between car and tech companies, governments and municipalities, regulatory agencies and end users.

This research contributes to the literature on the subject by clarifying users’ perceptions about
autonomous driving and shedding light on the major challenges for the deployment of AVs and their
expected impact on urban mobility. Regarding the managerial implications, on the other hand, this
study suggests an approach focused on collaboration between different actors aimed at promoting the

use of AVs that can best lead to social benefits.

Keywords: Autonomous Driving; Autonomous Vehicles; Critical Adoption Points; City Planning;

Stakeholders Analysis
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1. INTRODUCTION

Nowadays, the world of mobility may be on the verge of a real revolution driven by the introduction
of autonomous driving systems (Fagnant & Kockelman, 2015). In order to understand the future

developments of such technology, this study aims at addressing the following research question:

RQ: What are the main perspectives and concerns of key stakeholders about the implementation and

future deployment of autonomous vehicles?

In recent years, vehicles have reached new levels of innovation. Gradually, cutting-edge
features have appeared on cars and have improved the travel experience. Today, autonomous vehicles
promise to be a game changer by significantly improving several aspects of how people travel. First
of all, autonomous vehicles (AVs) could considerably decrease the number of accidents and increase
the level of safety on the roads (NHTSA, 2017). Secondly, the technology is expected to make a
decisive contribution in the reduction of congestion and use the road more efficiently (Anderson,
2016). Furthermore, humans have inflicted many damages to the environment due to their
unsustainable lifestyles. In this sense, AVs could be the solution to a problem that is becoming more
pressing every day (Wadud, 2016). Indeed, autonomous driving systems, especially if powered by
renewable energy sources, could substantially reduce emissions into the atmosphere. Finally, the
ability to move freely without the need for a driving licence seems to be an extremely attractive
perspective that could completely change the lives of the elderly, children and people with disabilities.
In the face of such desirable benefits, the spread of autonomous driving systems brings with it a
number of relevant concerns that must be addressed before AVs can hit the roads on a large scale.
From this point of view, a first obstacle consists of the significant ethical issues that would be raised
if cars made decisions that could endanger the lives of road users (Johnson, 2017). Another topic of
discussion concerns the attribution of liability following an accident between AVs. Finally, the
development of AVs could generate concerns regarding privacy and cybersecurity (Bloom et al.,
2017). Indeed, the interconnection of vehicles and the sharing of data are necessary for the functioning
of the network of AVs, but at the same time this poses a threat to the safety of consumers.

In the light of the above, the complexity of the subject requires an exhaustive discussion that
takes into account all factors involved. In fact, the announced positive effects will only be realised if
AVs are introduced in the way that society as a whole hopes, while ensuring sustainability and
accessibility (Sprei, 2018). Many researchers conducted studies on the impact of AVs by looking at

the matter from different perspectives and focusing on specific aspects. However, to the author’s best
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knowledge, a comprehensive understanding of different key stakeholders’ opinions about AV
implementation is still missing. Thus, the objective of this research is to examine their point of view
in order to develop a system which is able to provide the social benefits promised by AVs, while
minimizing their weaknesses.

In view of the breadth of the topic, the main research question is broken down into three sub-

research questions, which are as follows:

SRQ 1: What expected impact will the introduction of AVs have on urban mobility?
SRQ 2: How should AVs be implemented to ensure the social benefits promised?
SRQ 3: What strategy should stakeholders pursue to successfully develop AVs?

Specifically, the categories of stakeholders who are the most affected by the issue and who
are the focus of this study are the following: car manufacturers and suppliers, since they are
responsible for business models and technology development; municipalities and governments,
because they are in charge of legal issues and decide about city infrastructure; potential users, because
their point of view may guide the development of AVs (Stromberg et al., 2021).

To understand stakeholders’ main concerns and perspectives, this research will make use of
both primary and secondary data. Firstly, the study will provide the reader with a theoretical
background about the diffusion of innovation, the people’s willingness to adopt new technology and
the innovation ecosystem theory. Then, the main part of the literature review will consist of three
parts: the first one concerns the current state of AVs, with a brief focus on the development and
functioning of autonomous driving systems. The second section introduces the positive and negative
effects that the large-scale adoption of AVs may produce, while affecting people’s intention to use
them. The third part explores different business models for shared autonomous vehicles and involves
users’ willingness to ride-sharing. Subsequently, primary data will be collected through qualitative
research conducted in the city of Gothenburg, Sweden. Specifically, representatives of stakeholder
groups with relevant experience in the field of mobility will be interviewed. Moreover, a survey will
be administered to potential users to gain further insight into how autonomous vehicles should be
implemented to ensure their future diffusion. Finally, data gathered will be analysed and discussed to
provide a comprehensive answer to the research questions.

This research is structured as follows. The first section presents a literature review of the
relevant papers about autonomous vehicles. The second section focuses on the methodology of this
study. Then, the third section includes data collection and analysis. Finally, the fourth section contains

conclusions and recommendations.
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Delimitations

As stated above, this thesis aims at understanding the perspectives of stakeholders about the future
implementation of AVs with specific regard to the area of Gothenburg, Sweden. Before diving into
the development of the work, it is important to clarify the boundaries for the research.

The stakeholders taken into consideration belong to those organizations which are most
interested by the development of autonomous driving. From the industry side, experts from car
manufacturers (Volvo Cars), communication and tech companies (Ericsson and Kognic) are
interviewed. The point of view of the public sector is represented by people working at Gothenburg’s
municipality and Vinnova, the Swedish governmental agency for innovation. Additionally, two
consultants, respectively operating at Drive Sweden and Volvo Penta, provide their insights based on
their long experience in the mobility sector. Finally, the perspective of academia is shown through
the words of two researchers, the first at Chalmers University in Gothenburg and the other one at the
Swedish Environmental Research Institute.

In order to have a comprehensive view on the issue, the researcher includes in the study also
the point of view of potential users through a survey administered to 118 respondents. Despite not
being experts of the topic, it is interesting to listen to concerns and expectations of future consumers
to understand which obstacles can hinder the adoption of AVs. While behaving professionally, the
researcher is aware that there is no way to verify the reliability of survey results. Therefore, one
should give the benefit of the doubt to what emerges from the survey and not to consider such insights
as coming from people with proven experience in the field. Nevertheless, it has to be said that
empirical results seem to be in line with what has been found in previous studies and provide a good
benchmark for the opinions of the interviewees.

Finally, the whole research takes place in the city of Gothenburg. All the interviewees work
in the city or have a deep knowledge of its urban and industrial environment. Hence, all the insights
from this thesis have to be related to the city of Gothenburg. However, this does not imply that the

results of this work may not be applicable to other contexts.
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2. LITERATURE REVIEW

The following literature review aims to summarise the main findings of studies concerning the
development of autonomous vehicles. In particular, the first chapter involves the most relevant
theories about the diffusion of innovation and user adoption of new technology. Then, the second
chapter deals with the recent evolution of AVs and their classification and briefly explains how an
autonomous driving system works. Subsequently, the third chapter focuses on the main expected
effects of the introduction of autonomous driving systems. The findings presented are of great
relevance because they are likely to influence the views of stakeholders and thus the future of AVs.
Finally, the last chapter analyses the different ways in which AVs could be implemented, the impact
on society and environment of shared autonomous vehicles and the point of view of potential

consumers.

2.1 Theoretical background

In the past, many studies have focused on explaining the diffusion of an innovation among users. Not
all innovations are equal and can spread at the same pace. However, what remains unchanged is the
importance of potential user perceptions for the success of a new product on the market (Rogers,
2010). In general, the diffusion of an innovation depends on five characteristics: relative advantage,
compatibility, complexity, trialability and observability. Relative advantage corresponds to the extent
to which a new product is perceived as better than the existing one. Compatibility is the degree to
which an innovation is in line with past experience, values and user needs. Complexity indicates the
effort required by the consumer to understand and learn to use an innovation. Trialability is the level
at which an innovation can be tested before finally adopting it. Observability is the degree to which
the effects of an innovation are visible to others. The greater the relative advantage, compatibility,
trialability and observability and the lower the complexity, the faster the innovation spreads in the
market (Rogers, 2010).

Among the many models developed to predict the user adoption of technology, one of the
most cited is the technology acceptance model or TAM (Davis, 1989). Originally, this model was
developed to understand people's intention to adopt new technologies in the workplace. In particular,
TAM argues that user acceptance of a new information system depends on the intention to use a
system which in-turn is influenced by perceived usefulness and perceived ease of use. The former
refers to the perception of how much better a performance can be achieved by using the new
technology. The latter is associated with the level of effort that people believe they will have to expend

in order to use the new technology.

13



Subsequently, the research focus shifted to the field of marketing. Since TAM does not take
into account the psychological differences between users, it was extended and integrated with the
technology readiness (TR) model to predict consumers’ choice to use e-services (Lin et al., 2007).
TR indicates the extent to which people are inclined to make use of new technologies to achieve their
goals in life at home and at work. TR is the result of the interaction of enablers and inhibitors that
together determine a person's inclination to use new technologies. TR is measured by a special index
(TRI) and can be broken down into four sub-dimensions: optimism, innovativeness, discomfort and
insecurity. Optimism stems from the belief that technology increases control, flexibility and
efficiency. Innovativeness consists of the tendency to pioneer technology. Discomfort refers to the
perception of being under the control of technology. Insecurity refers to distrust in technology and its
ability to function appropriately. Optimism and innovativeness are drivers of TR, while discomfort
and insecurity are inhibitors. Parasuraman (2000) empirically confirmed the correlation between TR
and people's propensity to use technology.

The integration of TAM with TR gives birth to the technology readiness and acceptance model
(TRAM). This model shifts the focus on consumers based on the assumption that the propensity to
adopt a technology is an individual-specific feature. TRAM shows the complex psychological process
in evaluating the adoption of an innovation. The support of TR allows for an adequate market
segmentation. Therefore, TRAM is helpful especially when it is impractical to make consumers try
out the technology before they decide to adopt it (Lin et al., 2007). Moreover, Lin et al. (2007) argue
the validity of the TRAM framework in guiding the strategies of innovative firms. Indeed, innovation
adopters can be divided into five categories: innovators, early adopters, early majority, late majority
and laggards (Rogers, 2010). Crossing the chasm between early adopters and early majority is usually
the biggest challenge for firms when deciding whether or not to intensify their investments for the
innovation. The main difficulty is in identifying the chasm which often is not recognized by
innovative firms (Moore, 2002). In this regard, TRAM can signal the chasm which is when the mean
TRI sharply decreases.

When it comes to the development of a new technology, as shown above, its characteristics
and the user perspective play a fundamental role in the diffusion of that innovation. However, it is
not all about the technology itself or people’s propensity to use it. Often, the whole system needs to
evolve to accommodate that innovation. Considering the impact that AVs may have on future
mobility, it is interesting to mention another theory, that is the innovation ecosystem framework.
According to the most used definition, the innovation ecosystem is described as “the collaborative
arrangements through which firms combine their individual offerings into a coherent, customer-

facing solution” (Adner, 2006). Such an ecosystem enables companies to create value that no single
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firm could have created on its own. As explained by Adner (2006), these systems lead to widespread
benefits, for example platform leadership, keystone strategies, open innovation and value networks.
However, in addition they bring some risks related to timing, resource allocation and risk assessment
due to the high level of dependence on external actors. The idea of collaboration, thus, is inherent in
the conceptualization of innovation ecosystems (Granstrand & Holgersson, 2020). Therefore,
considering the premises of this thesis, the innovation ecosystem seems to offer the appropriate
perspective to frame the role of stakeholders in achieving autonomous driving deployment. Indeed,
it takes into account the multi-level approach required to initiate significant change and successfully

bring innovation to the mobility sector.
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2.2 Autonomous Vehicles

2.2.1 Definition

Technology has completely reshaped the everyday life of human beings and brought the fourth
industrial revolution in manufacturing. Nowadays, the revolution consists of making the technology
autonomous and independent from the human supervision. Considering the field of computation and
sensory technology, the latest developments have led to the conceptualization and initial
implementation of autonomous vehicles (Campbell et al., 2010).

Contrary to what one might think, the idea of making self-driving vehicles dates back as far
as 1918 (Pendleton et al. 2017). Moreover, the first concept was presented by General Motors in 1929
(Shladover, 2018). Nevertheless, although fully autonomous cars had not been created yet, still they
have the potential to completely disrupt the way people move and reach their destination. Also,
nowadays the use of autonomous technology on vehicles is relatively common, even though it is
limited in the ways it is implemented (Skeete, 2018). This is the case, among the others, of forward
collision warning, automatic emergency braking and lane keeping assist. In other words, fully
autonomous vehicles will not appear all of a sudden, rather they will be the result of an incremental
process (Caballero et al., 2023). Indeed, the road towards automation is made of many small advances
and stepwise testing.

To better clarify the level of automation in vehicles, the Society of Automotive Engineers
(SAE) has developed a taxonomy with definitions for six levels of driving automation. A vehicle’s
level of automation ranges between 0 (no driving automation) and 5 (full driving automation) and is

briefly explained in Table 1.

Table 1: Level of automation and definition for autonomous vehicles

Level of automation Definition

The dynamic driving task (DDT) is provided by the
. ) human, however there may be some systems in place to
Level 0 — No Driving Automation . . .

help the driver. For example, cars may include collision

warning, backup cameras or emergency braking system.
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The vehicle shows a single automated system, such as
steering or accelerating. Adaptive cruise control is an
example of Level 1 automation. The human driver
controls all the other aspect of driving.

Level 1 — Driving Assistance

The vehicle is characterized by advanced driver assistance
system (ADAS). This means that it can perform both
Level 2 — Partial Driving Automation steering and accelerating/decelerating, however the
human driver monitors all the tasks and can take control
of the car at any time.

The vehicle is able to scan the surrounding environment
and take informed decisions, nonetheless human
supervision is still necessary. In particular, the driver must
Level 3 — Conditional Driving Automation | stay alert and intervene if the system is unable to complete
the task. The difference from Level 2 is minimal from the
driver’s perspective, however this step ahead requires
high technological improvement.

The vehicle is able to take control of the situation in case
) . i of a system failure. In other words, although human
Level 4 — High Driving Automation . S . . .

intervention is still an option, it is not required in most

circumstances.

The vehicle performs all driving tasks under all conditions
. . and does not need human attention. Indeed, it is not
Level 5 — Full Driving Automation . . . . .

provided with steering wheels or acceleration/braking

pedals.

This classification is based on three key components:

- Technology: the level of technology implemented is crucial in defining the degree of
automation.

- Human intervention: the level of human intervention determines how much autonomy the car
is provided with.

- Circumstances: the situations in which the vehicle is able to work autonomously or it is under

the driver’s commands.
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2.2.2 Evolution of autonomous vehicles

Despite being at the centre of researchers’ and industry’s attention since the 1980s (Baude et al.,
2021), autonomous vehicles made significant steps ahead only in the last 15 years. In particular, the
interest around AVs rose after the organization of specific challenges. Firstly, the Defense Advanced
Research Projects Agency (DARPA) organized its first challenge in 2004 in order to stimulate the
development of autonomous driving systems. The competition consisted of covering a 142-miles-
path within a time limit of 10 hours. Unfortunately, all of the cars failed to complete the task.
However, the following year, 4 out of the 23 competing cars drove along the entire route during the
2005 DARPA Grand Challenge (Buehler et al., 2007). Afterwards, DARPA organized its third
competition (2007 Urban Challenge) where vehicles were required to navigate for 60 miles through
a simulated urban environment within a time limit of 6 hours (Buehler et al., 2009). On that occasion,
6 out of the 11 finalist cars completed the challenge.

The interest aroused by DARPA challenges produced a double effect. On the one hand, it
encouraged other institutions to organize competitions for driverless vehicles, on the other, it spurred
researchers to deepen the knowledge of autonomous driving systems (Baude et al., 2017). Regarding
the most important challenges following those ones created by DARPA, relevant examples include:
the European Land — Robot Trial (ELROB) from 2006, the Intelligent Vehicles Future Challenge
(2009-2013), the Autonomous Vehicle Competition (2009-2017), the Hyundai Autonomous
Challenge (2010), the VisLab Intercontinental Autonomous Challenge (2010), the Grand Cooperative
Driving Challenge (2011 and 2016) and the Proud-Public Road Urban Driverless Car Test (2013).

These challenges contributed to generating interest around autonomous driving systems and
stimulated innovation in this field. In the last 15 years, the development of autonomous driving
systems has made progress. Moreover, the market for AVs seems to be at the beginning of a major
development. In 2021, the global autonomous car market was worth 24.1 billion U.S. dollars and it
is expected to reach 61.67 billion U.S. dollars in 2026 (Statista, 2022).

At the moment, the most advanced autonomous vehicles available on the market are level 3.
Several companies are engaged in testing level 4 AVs, but it will be some time before they are
introduced on the market. It is expected that by 2025, more than 60% of the vehicles sold worldwide
will be at least level 2 (McKinsey, 2020). In particular, advanced level 2 and level 3 vehicles will
account for 12% and 4% of the total. In 2030, on the other hand, vehicles with even more advanced

features (level 4) are forecast to be introduced in the market (McKinsey, 2020).
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2.2.3 Architecture of autonomous driving systems

As explained above, the technical characteristics of autonomous vehicles are not the main topic of
this research. However, in order to have a better understanding of the subject, it is good to provide
some basic details about how this technology works. Therefore, before diving into the benefits and
concerns related to the implementation of autonomous vehicles, which constitute the main part of the
research, this section examines the main parts of autonomous driving systems: the perception system
and the decision-making system (Paden et al., 2016).

The perception system is in charge of monitoring the state of the car and capturing and
elaborating external data to create a representation of the surrounding environment. In order to do so,
the system makes use of on-board sensors, such as light detection and ranging (LIDAR) and radio
detection and ranging (RADAR), camera, and global positioning system (GPS). Moreover, it is
composed by several subsystems, each of them with a specific task, which are briefly reported in

Table 2 as described by Badue et al. (2017).

Table 2: Subsystems of the perception system

. Compute the car’s position by using static or offline maps,
Localizer ,
sensors’ data, odometry and GPS.

Receive input from offline maps and car’s position and
Mapper .
generates online maps.

. . Receive information from offline maps and cars’ position
Moving object tracker (MOT) . . . P P
to identify and monitor the closest obstacles.

Traffic signalization detector (TSD) Detect and interpret traffic signalization.

On the contrary, the decision-making system is responsible for guiding the car from the
starting point to the destination, taking into consideration the representation of the external
environment, the highway code and passengers’ safety and comfort. As in the previous case, also the

decision-making system is composed of several subsystems which are illustrated in Table 3.
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Table 3: Subsystem of the decision-making system

Create an itinerary from the current position to the final destination. The route
Route planner . . . . .
is composed by points that represent coordinates in the offline map.

Path planner Compute a set of paths, that is the car’s orientation at each of the positions

defined by the route planner.

Adopt the driving behaviour (for example, intersection handling or lane
Behaviour selector keeping) and select a path, a pose and a desired speed, taking into account
possible obstacles.

Calculate a trajectory from the car’s current position to the final destination,
which follows the path previously identified, while assuring safety and
Motion planner comfort to the passenger. The trajectory is composed by a series of orders, ck
= (vk, ok, Atk), where vk is the speed at time k, ¢k is the desired steering
angle at time k and Atk is duration of ck.

Modify the trajectory (e.g., by reducing the velocity) computed accordingly to

| :
Obstacle avoider possible obstacles.

Receive the final trajectory and send commands to the mechanisms
Controller . .
responsible for the steering wheel, throttle and brakes.
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2.3 Critical Adoption Points for Autonomous Vehicles

To achieve the transformation prospected by AVs, the main challenge is to bridge the gap through
having a matured technology and community to accept such smart solutions (Campbell et al., 2010).
On the one hand, as mentioned above, users’ perceptions play a key role since they are a reliable
predictor of innovation adoption. Moreover, consumer impressions may influence the future
characteristics of the new technology, especially if it is still under development. On the other hand,
there is a broad set of players involved in paving the way for autonomous driving systems. In this
respect, the development of AVs could lead to the emergence of interrelated and conflicting interests
among different stakeholders. From one perspective, for example, car manufacturers may be oriented
towards sales and profit maximisation even though this is not in line with social benefits (Hensher,
2018). Consequently, they are likely to work for the model of AVs based on individual ownership to
dominate the market because this most closely resembles their current business model. However, this
would come up against the optimal implementation of AVs from a road congestion point of view
(Lavieri et al., 2017). On the contrary, shared autonomous vehicles (SAVs) would be preferred by
public authorities for their potential to reduce traffic, ensure greater accessibility, reduce parking
space and lower the cost per passenger kilometre (Krueger et al., 2016; Lavieri et al., 2017).

Moreover, these two models have different implications on the infrastructure side (Bansal et
al., 2016). For example, an increased deployment of private AVs will require action to provide an
adequate number of parking spaces especially in cities and to develop a payment mechanism to handle
the increased traffic. Conversely, a massive adoption of SAVs would create the need to design
communities around common pick-up points. In light of the above, it seems plausible to assume that
it is in the interest of governments to promote the adoption of the sharing model at the expense of the
private ownership model (Krueger et al., 2016; Haboucha et al., 2017).

Previous research has identified and explored several challenges in the implementation of
AVs. The main concerns are not only related to technical aspects, but also to other themes that are
crucial for the proper deployment of AVs. For instance, several studies have focused on insurance
and liability issues, physical and digital infrastructure, and the development of the right regulatory
scheme (Pettigrew & Cronin, 2019). In particular, according to McKinsey (2021), regulation is
regarded as the main bottleneck towards the diffusion of AVs. In order to handle these issues
appropriately, there is a need for the involvement of all key stakeholders and, with this respect,
Pettigrew et al. (2019) suggest the creation of national organisational structures that combine public
and private sector instances.

The interest around autonomous vehicles stems from a number of potential benefits that may

follow the wide implementation of autonomous driving systems. However, the large-scale
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deployment of AVs could also have detrimental effects on society depending on the way they are
introduced. Therefore, this section aims at summarizing the most relevant insights about the critical

adoption points for autonomous driving systems that may influence the future diffusion of AVs.

2.3.1 Traffic Congestion

According to Anderson et al. (2016), traffic congestion is expected to diminish after the adoption of
autonomous vehicles on a large scale. In particular, vehicle operations will become more efficient
and the road throughput capacity will increase. For example, AVs can perceive the actions of the
vehicles in front of them, thus leading to smoother braking and more accurate speed adjustments. In
addition, autonomous driving systems are expected to behave more efficiently on lanes and at
intersections by following better routes and reducing the space between vehicles (Fagnant &
Kockelman, 2015). However, autonomous driving capabilities alone are not enough. These benefits
will only be fully enjoyed when vehicle-to-vehicle (V2V) vehicle-to-infrastructure (V2I) cooperative
abilities are also implemented.

Several studies have attempted to predict the extent to which the use of autonomous vehicles
will reduce traffic on the roads under different scenarios. Depending on the level of adoption of AVs,
speed in congested traffic could increase by between 8% and 13% (Atiyeh, 2012). However,
according to Tientrakool (2011), if vehicles can travel close to each other, the benefit in terms of
traffic reduction increases, as well as the capacity on highways. Furthermore, Shladover et al. (2012)
estimate that with a 10%, 50% and 90% adoption of cooperative adaptive cruise control (CACC),
lane capacity will increase by 1%, 21% and 80%, respectively. According to Fagnant and Kockleman
(2015), 10% market penetration by AVs would result in a 15% reduction in traffic, while 90% AVs
penetration would reduce highway congestion by 60%.

On the flip side, it must be admitted that all the benefits promised by autonomous driving
systems could result in higher demand for AVs. This is why, for example, Litman (2013) expects that
in the U.S. vehicles miles travelled (VMT) will increase significantly, along with traffic, pollution
and road accidents. Moreover, Milakis et al. (2017) found that travel demand may rise between 3%
and 27% due to the higher number of non-drivers targeted by AVs. On the other hand, benefits
associated with AVs may exceed disadvantages connected with higher VMT. Assuming that VMT
doubles, a 90% reduction in accidents per mile travelled results in an 80% reduction in the total
number of accidents, as well as in the accidents and delays resulting from them (Fagnant &
Kockelman, 2015).

In addition to what has been said, there is another important aspect to take into consideration.

Freed from the burden of driving and with the opportunity to engage in other activities while the AV
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take them to their destination, commuters will find that the journey is much less tiring (Duarte &
Ratti, 2018). This means that the cost associated to travel will diminish and people will give less
weight to the time spent in the car (Berg & Verhoef, 2016). Therefore, considering the reduced stress
associated with commuting and the possibility of using the time in the car in a more productive or
enjoyable way, the distance between work and home becomes a less important factor in deciding
where to live.

All of this might directly result in increased urban sprawl with consequential adverse effects
on the environment (Duarte & Ratti, 2018). Indeed, living away from the city could be attractive due
to the possibility of having better houses at relatively lower costs. In this perspective, and without the
aid of demand management strategies, AVs would contribute to traffic by extending the average travel
distance (Gelauff et al., 2019; Legéne et al., 2019).

Therefore, it is not clear yet if AVs will reduce or increase traffic congestion in the future. It
seems that automated driving systems will increase the demand for travel and the miles travelled by
cars, while reducing the number of cars on the road. This is likely to be the final result, especially

under the hypothesis that AVs will be shared among users (Duarte & Ratti, 2018).

2.3.2. Pollution

Another expected benefit associated with the introduction of AVs is related to sustainability and this
is one of the main reasons why autonomous driving systems have become a crucial area of interest
for researchers.

Indeed, transport is the main source of pollution. It is estimated to be responsible for 25% of
emissions in Canada and almost 30% in the USA (Othman, 2022). In addition, road transport account
for 72% of total transport pollution (European Environment Agency, 2019) and 90% of the fuel used
by vehicles comes from oil (United States Environmental Protection Agency, 2020). For all these
reasons, the focus of researchers has been on finding a viable alternative to traditional means of
transport. Various simulations have shown that AVs have the potential to reduce emissions and offer
a sustainable transport system (Barth et al., 2014; Fagnant & Kockelman, 2014; Miller & Heard,
2016; Kockelman & Clements, 2017). In particular, AVs allow optimal traffic distribution to
minimise total travel time, hence optimising fuel consumption and reducing emissions. In addition,
AVs can save up to 15% of fuel consumption through their smooth start and stop (Othman, 2022).

According to Wadud et al. (2016), automation per se will probably not modify energy
consumption and greenhouse gas (GHG) emissions. However, it will be accompanied by major
changes in the transport system that will also have major implications from the point of view of

environmental sustainability. For example, the new model of mobility is likely to be based on the use
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of alternative fuels (namely electric engines) and Fagnant & Kockelman (2015) envisage a reduction
in emissions per kilometre. Moreover, the technology is expected to improve driving efficiency, thus
reducing fuel consumption (Singh et al., 2014).

However, the existing literature on the subject does not agree on the environmental effects of
introducing autonomous driving systems because the implementation of AVs is likely to affect the
environment in different ways. Firstly, the promised reduction in road congestion will reduce the fuel
wasted in traffic. Schrank et al. (2012), estimate that the complete elimination of congestion might
reduce the energy consumption on roads by 4% in 2050. Then, according to Anderson et al. (2014),
implementing AVs will determine eco-driving, smoother traffic and lighter vehicles, thus lowering
emissions per kilometre.

Berry (2010) mentions several studies according to which human drivers can enjoy reductions
in fuel consumption from eco-driving of up to 20% in the short term, but around 10% in the long
term. However, Wadud et al. (2016) estimates that AVs can ensure a 20% reduction in fuel
consumption even in the long run. Moreover, reduction in fuel consumption will also derive from
platooning, namely the practice of several vehicles closely following another one, (Zhu & Yang,
2011; Schito & Braghin, 2012), improved acceleration capabilities and crash avoidance (Mackenzie,
2013) and vehicle design (Davis et al., 2012). Under this perspective, the adoption of AVs will lower
significantly the human impact on the environment.

On the other hand, AVs may reshape travel behaviour, especially if they offer on-demand
services. As already said, by decreasing the cost associated with travel time, the introduction of AVs
could result in an increase in demand for travel by car (Wadud et al., 2016). More specifically,
Anderson et al. (2014) and Brown et al. (2014) point out that lower energy costs per kilometre
travelled will result in growth in taxi services, increased commuting and decreased use of public
transport.

To conclude, it is not clear yet what effects the introduction of AVs may have on the GHG
emissions. In a nutshell, it seems that automation offers real possibilities to reduce individual vehicle
consumption. However, if the reduction in the cost of time spent travelling leads to a massive increase
in demand for travelling, at an aggregate level AVs could be detrimental to the environment. For this
reason, Wadud et al. (2016) hypothesises that, with low levels of automation, energy savings could
be considerable; however, in the long term and with more widespread automation, the consumption
associated with increased travel activity could outweigh the benefits offered by AVs.

In summary, AVs have the potential of producing both a positive impact from an economic
point of view and negative effects from an environment perspective. Indeed, by letting passengers

engage in other activities, travelling by AVs at low cost will not be regarded as an economic loss and
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may become an effective alternative to using public transport. Moreover, reducing the fleet of
vehicles is likely to result in better traffic conditions. These factors are likely to encourage people to
make more and longer trips, thus increasing the vehicle kilometre travelled (Metz, 2018), fuel
consumption (Clements & Kockleman, 2017) and emissions (Miller & Heard, 2016). This is why,
Othman (2022) suggest that regulations will play a crucial role in shaping the best usage of AVs and

having the correct impact on the environment.

2.3.3 Safety

When dealing with a new technology, security is always one of the most important factors to consider
(Karsh, 2004). Given that self-driving vehicles are the result of a new technology, it is clear that their
arrival on the market and their diffusion depend on the level of safety they can provide for their
passengers. Testing the security of a new technology is no small matter. In particular, Morando et al.
(2018) emphasise the need to identify the number of miles to be covered before self-driving vehicles
can be considered safe. In fact, having a solid statistical basis on the safety of this new technology is
an essential step before making it fully available on the market. This can be a substantial limitation
due to the significant amount of testing required to validate results (Koopman and Wagner, 2017).

Meanwhile, the development of autonomous driving vehicles has progressed and improved
functional characteristics to such an extent that advanced prototypes are already on the roads
(Schwarting et al., 2018). What still needs to be tested, however, is the vehicles' performance and
safety to operate under particularly complex driving conditions. For example, it has yet to be proven
that vehicles are also capable of driving in highly trafficked environments where a high degree of
interaction with other road users is required. In addition, Schwarting et al. (2018) claim that vehicles
must not only behave appropriately in dynamic and crowded contexts, but also respond in a timely
manner so as not to increase road congestion.

The level of perception and readiness to make decisions required is very high and nowadays
computers are not yet able to ensure an acceptable level of error for companies to produce level 4 and
5 vehicles. Certainly, the latest developments in technology have led to an improvement, but there is
still a need for progress of AVs’ performance (Alawadhi et al., 2020).

Research on AVs has intensified in recent years because these systems can ensure greater
safety on the roads by taking control of vehicles even in those situations often subject to human error
(NHTSA, 2017). In this regard, it is worth mentioning that 94% of car accidents occur due to human
error (Morando et al., 2018). Under this perspective, the deployment of autonomous driving systems
becomes even more attractive. However, on the other side, safety probably remains the main concerns

for potential users and the greatest obstacle towards the full adoption of AVs.
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Several studies have shown that a higher level of safety plays a key role in consumer
willingness to use AVs (Casley et al., 2013; Howard & Dai, 2014; Payre et al., 2014). Therefore,
consumers' perceptions are crucial in understanding the extent to which security standards need to be
improved before they will accept the usage of AVs (Moody et al., 2020). For example, in a survey
conducted in the U.S., 59.5% of respondents revealed that security has a positive impact on their
intention to use AVs, and 82% of respondents said that safety is the main benefit of this technology,
even more than the lower cost of use (Casley et al., 2013). Very similar results were found by Zhang
et al. (2019), according to whom the perception of safety is the factor that most elicits a feeling of
trust in AVs.

However, it must be admitted that studies on consumer perceptions do not always give the
same results. For example, research carried out by Deb et al. (2017) shows that 65% of the participants
believes that AVs will improve both transport and safety conditions on the roads. However, more
than half of the respondents revealed that they do not feel safe crossing the road when an AV is
nearby. Lang et al. (2016) found that 31% of their international sample considered safety as the main
reason for using AVs, while in Smith & Anderson (2017), only 17% of American adults showed the
same attitude. Indeed, on the one hand, positive perceptions about AVs may encourage its use, while
on the other, concerns about safety may be a barrier to adopt autonomous driving systems (Moody et
al., 2020). For instance, 64.5% of respondents in Kyriakidis et al. (2015) said they were concerned
about the security and reliability of AVs.

Some of the literature, on the other hand, has focused on the role that perceptions of safety
may play in the choice of means of transport. A study by Elias and Shiftan (2012) found that the
perceived risk of traffic accidents is positively associated with preference for public transport.
Afterwards, this effect was further explored in the perspective of AVs. After riding AVs under
controlled conditions and experiencing a feeling of safety, individuals demonstrated an increased
willingness to use and recommend AVs (Xu et al., 2018). Various research has shown that the
intention to adopt AVs is influenced by perceptions of safety before the actual use of the vehicle
(Moody et al., 2020).

Many studies analysed potential consumers’ perceptions towards AVs to understand which
sociodemographic groups are more prone to make use of such technology. In particular, young male
adults turned out to be the most inclined to experiment with autonomous vehicles (Lee et al., 2017;
Nielsen & Haustein, 2018; Anania et al., 2018; Hulse et al., 2018). Moreover, the young segment of
the population and, in particular, men, claim that autonomous driving systems will improve safety
(Nielsem & Haustein, 2018), are less concerned about the safety level of vehicles (Kyriakidis et al.,

2015; Schoettle & Sivak, 2014), and have a higher willingness to use the technology (Smith &
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Anderson, 2017; Payre et al., 2014). Interestingly, the same group is prone to risky driving (Turner
& Hill, 2003) and pedestrian (Holland & Hill, 2007; Rosenbloom, 2009) behaviours. For this reason,
Hulse et al. (2018) argue that the early adoption of AVs by young males could lead to significant
safety benefits on the road.

Furthermore, it was found that having a high level of education and living in urban areas are
positively correlated with having a positive attitude towards AVs. Specifically, people with these
characteristics show greater inclination towards the use of autonomous driving systems (Smith &
Anderson, 2017; Schoettle & Sivak, 2014) and increased perception of safety (Schoettle & Sivak,
2014; Nielsen & Haustein, 2018).

Interestingly enough, Moody et al. (2020) found that individuals in developing countries show
a more optimistic attitude towards safety in AVs than people in developed countries. This relationship
may be explained by the fact that individuals living in contexts with worse road safety have lower
standard of safety. In other words, where road death rates are higher, AVs may reach a lower level of
safety before being considered as an acceptable alternative to traditional transport. This would mean
that perceptions about AVs’ safety depends on the current road safety conditions (Moody et al., 2020).

Based on what has been said so far, it is clear that safety is a critical adoption factor for
autonomous vehicles (Alawadhi et al., 2020). Moreover, the key role played by safety in consumers’
acceptance of AVs suggests that involving potential users in AVs trials may increase their trust, thus

fostering the early adoption of such technology.

2.3.4 Accessibility

Along with safety, accessibility is probably the other main reason why AVs seem to be so desirable
for consumers. Indeed, the basic concepts behind this technology is to make the transport independent
from the driver by partially or fully replacing the human intervention with electronic and Al-based
devices (Shladover, 2018). The perspective of reaching a specific destination through an autonomous
car is even more attractive for children, the elderly, disabled and, in general, all the people without a
driving license. AVs could facilitate mobility and independence and at the same time and, as
mentioned above, increase safety. All this could result in an increased demand for travel by AVs
(Fagnant & Kockelman, 2015).

Pettigrew and Cronin (2019) identify increased accessibility as one of the main social benefits
deriving from AVs. However, they recognise that the elderly and disabled, despite being the group
that would benefit most from the implementation of AVs, are unlikely to be one of the primary target

markets (Pettigrew et al., 2019). Indeed, there are other more profitable segments that are likely to be
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more attractive to car manufacturers and service providers. Yet ensuring the weakest groups have
access to this new technology remains one of the most important challenges to be addressed.

In a study conducted in Australia, Pettigrew et al. (2019) noted a lack of salience of the needs
of the elderly with regard to the implementation of AVs. Furthermore, it emerged that investments in
autonomous driving systems come mainly from the private sector. This can have positive or negative
consequences depending on the type of ownership scenario that prevails in the market. A cost-
efficient ride-sharing model appears to be more appropriate than one based on private ownership that
implies a high initial purchase cost. Taking into account the needs of the elderly, governments should
promote the implementation of ride-sharing, perhaps integrating it with public transport (Pettigrew et
al., 2019).

Furthermore, the segment of older people presents some characteristics that might hinder the
adoption of AVs, such as resistance to new technologies, limited income, preference for a
conventional model of vehicle ownership. For this reason, Pettigrew et al. (2019) emphasise the
importance of ensuring that older people understand the benefits and limitations of each AVs
implementation model. In this regard, it might be advisable to encourage AV trials that can both refine

the technology and increase people's familiarity with AVs.

2.3.5 Parking

Parking is one of the areas where AVs could make the most difference. Today, cars are unused for
96% of their life, while AVs may have a utilisation rate of more than 75% (Economist, 2015). Many
studies have calculated the area of the city currently occupied by parking spots that could have
alternative uses after the adoption of AVs. For example, in the United States, car parks cover an area
of 4,400 square kilometres, the equivalent of 75 times the area of Manhattan (Ben-Joseph, 2012). In
Melbourne, the area devoted to on-street parking is 76% of the downtown area, while in Los Angeles
the figure is as high as 81% (Lipson & Kurman, 2016).

Considering that an AVs network could operate continuously, thus reducing downtime, tens
of thousands of car parks and garages could be converted (Tachet et al., 2016). On the one hand, this
would make downtown areas more attractive, and on the other, both traffic and pedestrians would
benefit, as car parks take up space in traffic lanes and sidewalk (Duarte & Ratti, 2018). When not in
use, the car will be in parking mode. The system will decide autonomously where to park, taking into
account the expected parking time, the hourly cost of parking and the distance of the journey. Using
this logic, Zhang and Guhathakurta (2017) estimated that in Atlanta, Georgia, assuming both a
reduction in vehicle ownership and an increase in vehicle occupancy of 5%, each AV could make up

to 20 parking spots redundant.
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In addition to the space advantages, the auto-parking option makes the vehicle search for
parking autonomously and possibly in areas with lower parking fees. Reducing the demand and costs
associated with finding a parking space could encourage people to use their AVs more often,
especially in crowded areas (Zakharenko, 2016). This expected change in travel behaviour prompted
some authors to investigate the effects of different parking search strategies on road networks (Gu et
al.,2021; Millard-Ball, 2019). In this regard, Bischoff et al. (2019) examined different parking models
for AVs, paying particular attention to the phenomenon of empty cruising, namely when the car is
moving but there is no one inside. The results of the research show that using a designated parking
spot ensures shorter waiting and parking search times.

Moreover, part of the literature has focused on estimating how much could be gained from
shifting or replacing car parks. Litman (2012) calculated that the total annual cost of operating a
parking space is between $3,300 and $5,600 in central business districts, between $1,400 and $3,700
in other urban areas, and between $680 and $2,400 in suburban locations. Thus, moving a single
parking space from the city centre to more suburban areas could save up to $3,000 per year. Of course,
not all AVs will result in moving or removing a parking space and the savings in running costs will
be proportional to the number of shared autonomous vehicles.

As seen, much of the literature has focused on how AVs could bring about improvements in
city transport, while neglecting the fact that some problems would be shifted to more peripheral areas.
One of the issues in question is precisely that of parking. In fact, it seems that more central and
populated areas will benefit from the introduction of AVs, whereas suburban areas are likely to
become the destination of empty cars looking for cheap parking (Shafiei et al., 2021). The research
by Shafiei et al. (2021) demonstrates the need for management strategies such as congestion pricing,
namely the introduction of toll that limits the ability to enter certain pay zones. In particular, to
mitigate the demand for AVs and the resulting traffic congestion, the authors suggest the
implementation of a dynamic distance-based pricing scheme that also takes into account the parking

zone and time of day.

2.3.6 Ethics and Liability

Ethical considerations are always crucial when interacting with a new technology. For this reason,
ethics must be taken into account when designing and programming software for AVs. Although the
future of mobility based on AVs promises to significantly reduce the number of accidents, situations
in which the lives of road users may be threatened cannot be excluded. For example, Johnson (2017)
imagines a situation where a vehicle is forced to change course to avoid an accident, but by doing so,

endangers other vehicles and pedestrians. These kinds of scenarios have led engineers to develop
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algorithms to help autonomous driving systems deal with ethical dilemmas. Indeed, they could be
programmed to behave in a predetermined manner in cases like the one mentioned.

However, a study by Bonnefon et al. (2016) showed that consumers are reluctant to buy and
use AVs regulated according to the utilitarian principle (autonomous vehicle endangers passengers
to minimise casualties on the road), even though they would like others to do so. Moreover, while
being necessary, a regulation may be also counterproductive. Indeed, policy-makers must consider
that these concerns about utilitarian regulation of AVs could delay the adoption of this technology.
Consequently, the number of lives saved by making AVs utilitarian could be outweighed by the
injures caused by the slow deployment of AVs. Alternatively, these kinds of ethical choices could be
left to consumers to select their preferred option. Nevertheless, these are questions that have yet to be
clearly answered (Gogoll & Muller, 2017). Still, being able to resolve these points is of vital
importance to improve the driver experience and lower the barriers to the deployment of AVs.

Another issue in some ways related to ethics concerns liability. In the case of an accident
between AVs, it is legitimate to ask who can be held responsible for the accident. Usually, when
involved in split-second decisions, human drivers are not considered guilty if the circumstances were
beyond their control, regardless of whether or not they made the best decision. In contrast, AVs have
sensors and devices that enable them to make more informed decisions (Fagnant & Kockelman,
2015). According to Riehl (2018), courts should devise new legal standards to define liability.
Furthermore, they should carefully assess the level of automation in the vehicle, engaging in
significantly different analyses compared to what they do today. Indeed, in an accident between AVs,
liability could fall on many parties, for example driver, vehicle owner, car manufacturers, data

providers and sensor suppliers (Alawadhi et al., 2020).

2.3.7 Privacy and Cybersecurity

Privacy and cybersecurity are two crucial points for the successful deployment of AVs on a large
scale. Autonomous driving systems, in fact, need extremely precise and real-time information on
where vehicles are and where they are going to ensure high levels of safety for passengers (Fagnant
& Kockelman, 2015; Taeihagh & Lim, 2019). Furthermore, it would not be difficult for car
manufacturers and service providers to know the habits of consumers by analysing how often they
use the vehicle and where they go. All this can easily generate concerns among consumers who might
see their privacy at risk. In particular, a survey conducted by Bloom et al. (2017) revealed that vehicle
tracking is the information that makes travellers least comfortable. Policymakers should devise
appropriate laws for the proper handling and storage of data since concerns about the protection of

personal information and privacy have yet to be addressed. As Fagnant and Kockelman (2015)

30



suggest, it is advisable to develop a regulatory framework that ensure a balance between sharing all
the information needed to preserve passenger safety and reduce traffic congestion and preventing the
misuse of data.

Cybersecurity is another factor to be taken into great consideration. Since AVs will be highly
dependent on technology, they will also be threatened by hacker attacks. Not surprisingly, Fagnant
and Kockelman (2015) state that consumers are concerned about the extent to which AVs will be
safeguarded electronically. Moreover, the high level of interconnection between vehicles could
endanger the whole system. For these reasons, Morando et al. (2018) emphasise the importance of
immunising the entire network from cyber-attacks. AVs could be subject to attacks on their software
as well as hardware components. Consequently, vulnerability to cyberattacks is a major concern for
insurers, policymakers and regulators.

Nevertheless, researchers in recent years have focused on implementing blockchain as a tool
to make AVs less vulnerable to hacker attacks and information theft. Blockchain is a technology
based on a data sharing and storage approach in which a copy of the information is held by each user
and can only be changed with the consent of all participants in the network (Jain et al., 2021).

Compared to traditional security systems, blockchain technology can ensure data
immutability, a decentralised network, transparency, and a higher level of security using
cryptography. Specifically, blockchain is more reliable for several reasons. First of all, data are not
stored in a central server, but in all nodes of the blockchain. The decentralised and transparent
management of data also increases trust within the system. Indeed, every participant can verify the
origin and ownership of the data. Secondly, it is extremely difficult to access and modify the
information on the blockchain without the consent of the entire network. Finally, no information
entered into the blockchain can be modified or deleted (Jain et al.,, 2021). All this allows
communication between parties and could make the whole network of AVs more secure. All data
concerning vehicles and their activity would be recorded in a register shared with all interested parties.

In an AV system based on blockchain technology, there are two types of sensors. On the one
hand, Internet of Things (IoT) sensors send information to vehicles to assist, monitor and guide them.
On the other, miner nodes verify the authenticity and trustworthiness of the information transmitted
by the IoT nodes (Jain et al., 2021). The blockchain facilitates the connection between vehicles and
keeps track of their activities. In the event of a hacker attack targeting one of the sensors, it would be
easier to detect the threat and implement countermeasures that have already been predefined. For a
better understanding of its functioning, the blockchain network for AVs is shown in Figure 1 as

adapted from Jain et al. (2021).
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Figure 1: Blockchain network for autonomous vehicles
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2.4 Shared Autonomous Vehicles

Along with the development of AVs, many studies have reported the possibility of a new business
model for this technology. In a nutshell, researchers discussed the hypothesis of sharing autonomous
vehicles (SAVs) among users. Lavieri and Bhat (2019) distinguish between two types of models for
SAVs. The former takes the form of conventional taxi services in which the vehicle is publicly or
privately owned and serves individual consumers sequentially (proper shared autonomous vehicles
or SAVs). In the latter, users share the ride on the same vehicle with other travellers (pooled shared
autonomous vehicles or PSAVs). Both the forms of SAVs have a partially different impact on
consumers’ behaviour and acceptance and produce different societal effects compared to
individually-owned AVs. This section aims at reporting the findings of relevant studies about the

development of a shared autonomous driving system.

2.4.1 Changes in users’ behaviour and vehicle ownership

Zhang et al. (2018) showed that sharing an AV within the family leads to a reduction in vehicle
ownership by 20%. Broadening the scope of the research, several studies report that one AV can
replace about 10 conventional vehicles. However, this result is based on the assumption that all AVs
are shared. A study by Moreno et al. (2018), on the other hand, considering that only 24% of their
respondents use AVs, estimates that each AV can replace 2.5 conventional vehicles. Nevertheless, it
can be imagined that as the penetration of AVs increases and the benefits of SAVs are demonstrated,
the percentage of shared trips may increase to match the results projected in the first studies (AV =
10 conventional vehicles).

Moreover, Lang et al. (2018) conducted a study in Boston, U.S.A., and found that SAVs will
have different results depending on where they are used. Specifically, in urban areas, they will replace
both private and public transport, whereas in suburban areas, they will mainly replace private cars.
Traffic is also expected to decrease within cities, but increase in the surrounding areas (Litman 2017,
Lang et al., 2018). However, Simoni et al. (2019) show that road congestion could be reduced by
implementing congestion pricing.

AVs will probably reduce the required fleet of vehicles and increase the rate of utilization. At
the same time, they are expected to provide high-quality services (Othman, 2022). One important
factor to assess the quality of transportation service is the average waiting time for users. Researchers
found different waiting time to in-vehicle waiting time ratios, however what is undoubted is that any
reduction in waiting time is associated with higher customer satisfaction (Fan et al., 2016). In this
regard, several studies have shown that SAVs can offer an average of five minutes less waiting time

compared to today (Horl et al., 2016; Martinez & Crist, 2015; Moreno et al., 2018). This gain goes
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hand-in-hand with the lower cost per trip compared to the current transport model. Therefore, it is

plausible that SAVs could be a formidable competitor for public transport companies (Othman, 2022).

2.4.2 Business model in shared autonomous vehicles

Understanding which business model is most appropriate is vital for the future of AVs. In this regard,
Chesbrough (2010) argues that technology in itself does not generate value. What really makes the
difference is how it is marketed through a business model. Indeed, applying different business models
to the same technology is likely to produce different results.

At the moment, there are two ways of using AVs, namely individual ownership (e.g., Tesla
cars) and ridesharing or SAVs (e.g., Uber and Waymo). However, hybrid models such as 'first/last-
mile connectivity' systems, in which the SAV transports passengers to and from public transport
stops, cannot be excluded (Bosch et al., 2018). In this case, SAVs could be the first step towards
'Mobility as a service' (MaaS), namely a system based on automated trip planning in which the various
forms of transport are synchronised in such a way as to optimise the travel experience (Jittrapirom et
al., 2017).

Regarding SAVs, Hyland and Mahmassani (2017) classify business models for vehicle fleet
management in three categories, namely short-term rentals, point-to-point service and mixed service.
In the first one, the user has control of the car for a period of time and can travel anywhere, as in any
car-sharing. Moreover, the service operates on immediate demand. In the second one, the SAV
transports passengers from the pick-up point to the drop-off point and the booking time is minimal.
The third is a combination of the first two. Regarding price, the service of SAVs can have a fixed or
variable price structure. In the former case, the consumer pays according to the kilometres travelled
or the time of the trip, in the latter case, the pricing schemes take into account the distance between
the point of departure and destination as well as the time of day.

In any case, the chosen business model will have an impact on the future adoption of AVs. As
mentioned earlier, it is plausible to assume that car manufacturers will prefer the model based on
individual ownership, while governments may have an interest in promoting the model based on ride-
sharing. However, sometimes an innovation may make use of a business model with which
organisations are already familiar, other times the best business model is a hybrid version of existing
ones or one that has not yet been tried out (Chesbrough, 2010).

In addition, vehicles manufacturers may have to adjust their R&D and go-to-market strategies
to succeed in the market. On the one hand, companies could need to align their capabilities to market

requirements. For example, they should build internal competencies in new areas such as software

34



development. On the other hand, organizations may prefer to offer a subscription or pay-per-use plan,

hence resembling to service providers (McKinsey, 2023).

2.4.3 Willingness to ride-sharing

Many studies affirm that the use of electric vehicles in SAV services will reduce emissions (Bauer et
al., 2018; Fagnant & Kockelman, 2018; Vleugel & Bal, 2018). In particular, Fulton et al. (2017) states
that a decrease in consumption highly depends on electric engines and if cars are conventionally
powered, the rise in vehicle kilometre travelled will offset any gain in terms of efficiency. In
particular, reduced emissions will derive from the application of efficient electric vehicles, shifting
from fossil fuels to renewable energy and ride-sharing participation (Lokhandwala & Cai, 2018).

With this respect, several studies focused on understanding how willing passengers are to
share their trips with strangers. According to the U.S. National Household Travel Survey, the average
vehicle occupancy in 2017 equals to 1.67 (McGuckin & Fucci, 2018) and this value has remained
stable along the past decade (Shaheen, 2018). As the era of AVs approaches, the lack of popularity
associated with ride-sharing could become detrimental. In fact, if vehicles are able to travel alone, the
vehicle occupancy rate could still decrease. In this regard, Levin et al. (2017) argue that ride-sharing
is crucial so that the introduction of AVs does not result in increased traffic.

Time and money savings are commonly identified as the main motivations for making use of
a ridesharing scheme (Merat et al., 2017; Morales Sarriera et al., 2017). For example, in San
Francisco, the ability to use high-occupancy vehicle lanes without paying a fee (thus saving time and
money), has encouraged drivers to offer morning rides to random passengers waiting in designated
areas (Shaheen et al., 2016). In this case, the higher efficiency and reliability lead passengers to
choose this scheme as an alternative to public transport. In particular, time is considered the main
factor for the adoption of ride-sharing. However, it may facilitate or hinder the use of ride-sharing
depending on circumstances. In the past, for example, planning a trip in advance was a deterrent to
carpooling (Chan & Shaheen, 2012). Today, with improvements dictated by technology, ride-sharing
enjoys considerable flexibility thanks to real-time scheduling. Nevertheless, waiting times for SAVs
can be longer due to the pick-up/drop-off of additional passengers.

Beyond time and money considerations, there are also psychosocial aspects to be taken into
account regarding individual engagement in pooling (Amirkiaee and Evangelopoulos, 2018). In
particular, acceptance to travel with strangers plays a crucial role in the adoption of ride-sharing.
Several studies claim that people are hesitant to share a trip with strangers. The main reasons for this
tendency lie in the lack of trust, desire for personal space, privacy and safety concerns and aversion
to social situations (Tahmasseby et al., 2016; Morales Sarriera et al., 2017; Amirkiace &

Evangelopoulos, 2018). In addition, other socio-demographic characteristics such as income, gender
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and ethnicity (Delhomme & Gheorghiu, 2016; Shaheen, 2018) have been identified as having an
impact on the likelihood to engage in ride-sharing.

There is a long list of studies that have focused on people's participation in existing ride-
sharing schemes. However, little research has investigated the future adoption of SAVs. Considering,
the similarities between conventional pooling and SAVs, the factors for and against the adoption of
the two models might be similar, but with some differences. For example, the absence of a driver
could have mixed effects. According to Bosch et al. (2018), it may lead to a reduction in operating
costs and thus a lower burden of monetary considerations. According to Merat et al. (2017),
passengers might be more concerned about sharing a car with strangers in the absence of a driver.

Bansal et al. (2016) conducted a study in Austin (TX, U.S.A) and found that only half of the
respondents would comfortably share a ride with this thesis represents the closing of a circle rangers
in AVs, while 90% would feel comfortable doing it with friends and family. Lavieri & Bhat (2019)
state that privacy concerns have a negative impact on the intention to use pooled ride-hailing services.
Such concerns may be exacerbated by fears for one's own safety. Conversely, the possibility to use
time productively significantly increases the propensity to use ride-sharing services. This finding
leads one to think that tolerance to longer travel time may increase even in high-income individuals.
However, the productive use of time does not have a significant effect on individuals who are more
sensitive to privacy and time (Lavieri & Bhat, 2019). Finally, the purpose of the trip is another element
to be taken into account. People are less sensitive to the presence of strangers on commute trips than
on leisure trips. For this reason, it seems easier to promote the use of ride-sharing for commute trips.
This would also have a positive impact on traffic as commute trips overload the system during peak
hours. Obviously, since the time value associated with commute trip is higher, arrangements are
needed to minimise delays and waiting times.

Understanding how quickly people will adopt AVs is of paramount importance. Indeed, the
speed of deployment of autonomous driving systems, together with the type of vehicle that will
dominate the market, will determine the success or failure of their introduction (Bansal et al., 2016).
Moreover, Duranton (2016) points out that most of the benefits in terms of increased safety and

reduced traffic will occur when most or all vehicles are autonomous and connected.
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3. METHODOLOGY

This section aims at presenting the methodological approach adopted by the researcher to conduct the
study. Firstly, Research Strategy, Research Design and Research Method are described in detail,
along with the reasons that led to these choices. Then, the Data Collection and Analysis process is

presented, both for Primary and Secondary Data. Finally, Research Quality is discussed.

3.1 Research Strategy

This thesis is based on a qualitative research strategy and there are several reasons for making this
choice. Firstly, words seem more appropriate than numbers to address the research question and
capture the stakeholders’ point of view about the future implementation of AVs (Bell et al., 2018).
Primary data comes from both interviews and a survey among potential users and relies more on
words than numbers. Also, the results of the survey will be analysed in order to have qualitative
insights, rather than quantitative. Moreover, the scope of the research is not limited at testing existing
theories. On the contrary, it intends to answer the research questions through an explorative process.
In this respect, quantitative research typically features a confirmatory purpose (Bell et al., 2018) and
is based on the behaviour of respondents. However, this is not the case of this thesis, since the study
intends to deepen the knowledge about AVs by examining the opinions of participants.

Considering the explorative nature of the thesis, it seems reasonable to base the study on a
mix of inductive and deductive approaches. When referring to the type of approach used, we take into
account the relationship between theory and research. The inductive approach requires theory to be
the result of research. In contrast, the deductive method involves testing a hypothesis on the basis of
existing theory. Typically, inductive approaches are associated with quantitative analysis, while
deductive approaches are linked with qualitative research. However, there is no fixed rule that one
type of approach necessarily implies a specific type of research strategy. In other words, it is possible
to have a deductive approach even in qualitative research. For what concerns this thesis, the inductive
approach allows to build new knowledge about the current and future development of AVs through
the analysis of respondents’ opinions. On the other hand, the deductive approach allows to compare
the findings of this study with what previous research has discovered. This last aspect is of great
importance to understand whether new tendencies or issues related to AVs are rising.

As mentioned above, the purpose of the study is to examine the perspectives and concerns of
stakeholders regarding AV implementation. Hence, in order to keep the scope of the research as open
as possible, it seems that qualitative research fits better the mixed approach. Qualitative research

seems to be more suitable to this study since it allows one to interpret and analyse the point of view
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of interviewees and then extrapolate a comprehensive vision of the phenomenon. Conversely, relying
on quantitative research may lead one to model the study on misleading criteria deriving from
common sense and personal biases. Therefore, by keeping the limits of the study as wide as possible,
the researcher can more easily overcome this issue while getting relevant insights.

In addition, qualitative research allows one to better address the themes examined in the
literature review. Thus, qualitative research leads to a better understanding of the topics discussed by
the respondent compared to what could be done with quantitative research (Denzin & Lincoln, 2011).
While choosing qualitative research, the researcher is aware of the limitations of this method.
Specifically, this approach can be considered too subjective and prone to personal biases. This,
consequently, may result in a low level of external validity, namely how well a study can be replicated
in different contexts (Bell et al., 2018). Nonetheless, the limited replicability does not undermine the
capacity of this thesis of addressing the research questions. In addition, by referring to previous
studies, the researcher intends to reduce potential biases and subjective interpretations.

To conclude, qualitative research may lack transparency if the process of data collection and
analysis is not thoroughly explained (Denzin & Lincoln, 2011). In order to avoid this drawback, the

following sections aim at further clarifying the research strategy choices.

3.2 Research Design

Case studies are usually associated with qualitative research because they allow us to capture the
complexities and contradictions of real life (Flyvbjerg, 2006). The crucial point in assessing the
quality of a case study does not concern the generalizability of the findings, rather how well the theory
is generated out of the results (Mitchell 1993; Yin 1984). From this perspective, case studies are well
aligned with the inductive view of the relationship between theory and research. However, case
studies can be employed with both theory generation and theory testing (Bell et al., 2018).

Since this study intends to show the different perspectives of the stakeholders involved in the
implementation of AVs, the research is based on an embedded case study design (Yin, 2009). The
reason for that lies in the fact that the study intends to explore the development of AVs in the city of
Gothenburg through the perspectives of several stakeholders. Hence, car manufacturers, suppliers,
municipality, researchers and potential users represent the units of analysis of this case study. By
choosing this research design, the researcher is able to highlight similarities and differences in the
views of the key players, compare and contrast the findings (Bell at al., 2018), and gain a
comprehensive understanding of the matter. When using an embedded case study, the major pitfall is
to focus too much on the subunit levels, without returning to the larger unit of analysis. To avoid this

risk, the researcher will interview different categories of stakeholders. In addition, his focus will be
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on connecting the insights gathered to draw a comprehensive picture of the phenomenon. Regarding
the definition suggested by Stake (1995), this study is configured as an instrumental case study as it
is preparatory to understand a generic issue. To put it differently, the findings of this research

conducted in the city of Gothenburg may be helpful in understanding the general opinion about AVs.

3.2.1 Context

As mentioned above, context plays a key role in an embedded case study, as it is the real unit of
analysis. In this case, context is represented by the city of Gothenburg, the second largest city in
Sweden which hosts around 1.1 million inhabitants in its metropolitan area. Gothenburg is an
expanding city that attracts new people every year. The city is home to important companies (Volvo,
Ericsson, Geely, CEVT, NEVS) and two renowned universities (University of Gothenburg and
Chalmers University). In particular, the University of Gothenburg with more than 37.000 students is
the largest in Scandinavia and one of the largest in Nordic countries. Thanks to its industrial fabric
and proximity to the university world, Gothenburg is an important research location, especially with
regard to sustainability, technology and innovation. For these reasons, the city is regarded as the
leading centre for automotive development in Sweden and one of the most important in the world
(Business Region Goteborg).

The municipality of Gothenburg has set the goal of having a fossil fuel-free public transport
fleet by 2030. For this reason, the city has created some partnerships to electrify its transport system
by that date. The automotive cluster in the Gothenburg region is a world leader in safety,
electrification, autonomous technology and connected vehicles and employs around 36,000 people.
The region is also known as a world leader in the development of mobile data systems and telematics
solutions and a pioneer in the creation of test and development arenas in sustainable transport
solutions in collaboration with the private, public and academic sectors. Collaboration between
companies, universities and the public sector is the key to the success of the automotive industry in
Gothenburg. The Lindholmen Science Park and the Johanneberg Science Park serve as a meeting
point for cross-sectoral projects. In particular, they host Test Site Sweden, Telematics Valley and
AstaZero where a model for sustainable, connected and safe mobility is being developed (Business
Region Goteborg).

Given this background, Gothenburg seems to be the ideal context in which to deepen
knowledge on the implementation of autonomous driving systems. Not surprisingly, experiments

with autonomous vehicles used for public transport have already been conducted in the city.
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3.3 Research Method

3.3.1 Data Collection

Both primary and secondary data were collected in order to conduct this study. In particular, Hox and
Boeije (2005) identify primary data as those collected directly by the researcher to answer the research
question, and secondary data as those taken from previous studies and intended for other research

questions.

Primary Data

All information contained in Chapter 4 (Results) is to be understood as primary data. The data are
obtained by conducting individual semi-structured interviews with representatives of the different
categories of stakeholders affected by the introduction of AVs. In particular, people from car
manufacturers, tech companies, research institutes, and Gothenburg municipality are interviewed.
The answers provided during the interviews may be of great help in understanding their point of view
and outlining the next steps to foster the adoption of AVs.

Moreover, a survey is administered to potential users to understand their willingness to use
AVs. The objective is to obtain insights about the perceptions that people have towards AVs.
Additionally, their impressions may help guiding the development of AVs and identifying the
concerns that should be addressed first.

Specifically, the survey is developed through Qualtrics platform and is sent to respondents by
email. It is composed by 19 multiple-choice questions and divided into four sections: introductory

questions, familiarity with AVs, critical adoption points for AVs and perceptions on AVs.

Secondary Data

Concerning secondary data, the researcher conducted a literature review with a narrative approach.
Firstly, a preliminary examination of relevant literature on AVs was conducted to have a general
comprehension of the topic. After establishing the research questions for this thesis, the researcher
made a more accurate analysis of existing studies and developed a plan on how to conduct the
research. At the same time, gaining knowledge about the topics discussed before beginning the
research in earnest allowed the researcher to avoid biases (Bell et al., 2018). Following this approach,
the researcher focused only on the topics useful to address his research questions.

The literature review aims to provide the reader with the theoretical background necessary for
a proper understanding of the topics discussed. In addition, the analysis of past research led the
researcher to learn about current challenges in the research area and research questions not yet

addressed. For the purposes of this thesis, previous articles were selected from relevant peer-reviewed
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journals through the use of the Scopus and Google Scholar platforms. To better focus the search and
select relevant studies to the research question of this thesis, the following keywords were used:
Autonomous Vehicles, Autonomous Vehicles Adoption, Technology Adoption Theory, Shared
Autonomous Vehicles, Autonomous Vehicles Stakeholders.

With regard to the language of the existing literature, all the studies accessed were written in

English.

Sampling and respondent selection

As mentioned above, to assess the quality of a study it is necessary to understand how well the theory
is generated by the results. In this regard, therefore, the choice of a correct sample is the starting point
to generate theory in the appropriate manner. For the purposes of this thesis, the sample for the study
is outlined through a purposive sampling method, meaning that the researcher selects respondents
based on how suitable they are to participate in the research. By suitability, theory means the extent
to which participants can provide useful guidance in dealing with the research question. In this way,
therefore, the researcher makes sure that the respondents have a competence that allows them to
answer questions consciously (Given, 2008). In particular, participants are considered eligible to
participate in the research if they meet predetermined requirements, above all having gained
significant experience in the field of AVs or mobility and having knowledge of the context of
Gothenburg. In this sense, the sampling approach is a priori, meaning that the criteria for selecting
respondents are determined at the beginning of the research (Hood, 2007). In addition, purposive
sampling is a method typically associated with qualitative studies. Also for this reason, it seems to be
the most appropriate sampling technique.

Respondents were contacted in two different ways, either directly by the researcher via the
LinkedIn platform or with the support of First To Know Scandinavia. In some cases, this organization
acted as a bridge between the researcher and the experts in the field. When contacted, respondents
received information about the topic and the purpose of the research. Based on whether they were
contacted in the first place by FTK or not, the respondents received a different message. In particular,
the researcher typed the keywords "Autonomous Vehicles" and "Mobility" to find suitable
respondents in the Gothenburg area. Moreover, when contacting experts, the researcher asked them
for suggestions about other people to include in the research. Hence, a snowball sampling technique
was used as well. This method was particularly useful considering the limited knowledge of the
industrial context of Gothenburg by the researcher.

The list of respondents interviewed along with their company and role within it are shown in

Table 4.

41



Table 4: List of experts and organizations interviewed

Respondent Date Organization Role

1 10/03/2023 Volvo Cars Head of Strategy and Business for ADAS
2 13/03/2023 Kognic CEO

3 14/03/2023 Drive Sweden Smart and Sustainable Mobility Expert

4 5/04/2023 | Chalmers University ﬁzzzirrf;e;fgfgygifv?sion

5 6/04/2023 Goteborgs Stad Urban Planning Manager

6 12/04/2003 | SWedish Environmental | o o ble Mobility Expert
Research Institute

Global Head of Business Development,

/ 17/04/2023 Ericsson Strategy and Product Development
8 20/04/2023 Volvo Penta Technology Collaboration Manager
9 27/04/2023 Vinnova Program Director

Interview method and questions

The collection of data from experts in the field of mobility and AVs takes place through interviews.
This choice is in line both with the qualitative nature of the research and with the need to obtain rich
information to deepen the knowledge about AVs. In fact, the interviews are based on an open-ended
structure that allows for the collection of more information than the close-ended questions which are
typical of a questionnaire. Moreover, in interviews, the questions can be adapted and explained more
clearly to the interviewee, which is beneficial for addressing the research question (Flick, 2022).

The relationship between the researcher and the participants is not predetermined, rather it can
be adapted to the context. Moreover, doing interviews instead of administering a questionnaire allows
one to adapt the tone of the conversation to the interviewee (Yin, 2011).

As mentioned above, part of the data collection is carried out through semi-structured
interviews. This type of interviews is preferred since it provides a high degree of flexibility both in
the order of the questions and in the content that are adapted according to the role of the interviewees
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and their experience with AVs. In this respect, the flexibility typical of semi-structured interviews is
even more valuable when studying multiple units of analysis and comparing the opinions of people
from different organizations.

Before making the interviews, the researcher has prepared a thematic structure to guide and
support him during the conversation. The interview guide (shown in Appendix B) contains the most
relevant questions and allows to keep the focus on the topics to be discussed. To give even more
flexibility to interviews, the interview guide is not built according to a rigid structure, but based on a

more open scheme that is easier to adapt to respondents’ answers.

Conducting the interviews

As mentioned above, semi-structured interviews are chosen for the data collection to make
respondents spontaneously elaborate their answers. This could open new and different scenarios that
would remain obscure with a structured interview.

The interviews take place via web, through Microsoft Teams platform, and are scheduled via
email. This choice is made by mutual agreement between researcher and respondents and meets the
needs of both, taking into account work and university commitments and the limited time to conduct
the research.

Video calls can be a good substitute for face-to-face interviews because they also allow the
tracking of non-verbal responses, such as gestures, tone of voice, emotional transport, and facial
expressions. Furthermore, video interviews can lead to a sense of openness of the interviewee towards
the researcher and foster the establishment of a relationship between the two. Online interviews are
sometimes frowned upon by scholars. In particular, they point out that an unstable Internet connection
and the lack of intimacy typical of in-person interviews can make data collection difficult. Therefore,
in order to limit these problems, the researcher undertakes to conduct the interviews from a quiet
location, free from sources of distraction and with a stable Internet connection (Seitz, 2016).

Interviews are recorded with the respondent's consent. Before proceeding, the researcher
specifies that the recordings are used only for research purposes and will be deleted as soon as the
study is finished. Recording the interview is of great importance because it allows the answers of the
participants to be heard again even after the interview has ended. In order to have an automatic
transcription of the interview, the researcher makes use of the Avrio software. By doing so, he is sure
to have a detailed transcription of the interview in a short time. To avoid possible errors in the
transcription, the researcher undertakes to manually check ambiguous sections so that the information

is correct before proceeding with the data analysis. In the event that the respondent does not consent
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to the recording of the interview, the researcher proceeds to take notes regarding the answers provided

by the interviewee.

3.3.2 Data Analysis

In qualitative research, interviews are usually subjected to thematic analysis to gain insights that may
be useful to address the research question (Bell et al., 2018). This kind of analysis is based on
identifying themes which are recurrent in the interviewees’ answers. In order to detect them, the first
step is to look for first-order concepts (Corley and Gioia, 2004). These initial codes can be recognized
in repetitions, metaphors and analogies, similarities and differences (Ryan and Bernard, 2003). After
individuating first-order concepts, the researcher tries to establish logical linkages between them and
create wider categories of codes (Bell et al., 2018). The thematic analysis is chosen because it has a
high degree of flexibility and allows the researcher to analyse a wide variety of qualitative data.

For this study, the interviews are analysed according to a general qualitative coding procedure.
This mechanism aims at reducing the wide amount of data and extrapolation (Huberman and Miles.
1994). Specifically, each concept perceived as relevant is associated with a code. Subsequently, initial
codes are grouped into broader categories by making logical associations that allow for a deeper
awareness of the contents. Finally, the headings obtained in this way are gathered into even larger
dimensions to capture the essence of the respondent's point of view. In doing so, the researcher plays
a key role since codes emerge from his interpretation (Charmaz, 2000). Interviews are analysed as
soon as possible because codes may help the researcher in guiding the research and building the
sample. Moreover, in order to speed up the process and efficiently organize the data, the researcher

makes use of NVivo for coding.
To clarify the data analysis process, an example of coding is provided in Table 5.

Table 5: Example of coding

First-order Second-order
Quotation Aggregate theme
concept concept
“We believe definitely that aut . .. .
e believe definitely that autonomous Reducing the Saf Critical Adoption
. . o afety
drive will have good contribution to towards number of accidents Points
the zero-collision mission”
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While coding to analyse data, the researcher is aware of the criticism of this procedure. Some
authors argue that coding may lead the researcher to lose sight of the context of what is being said.
Another common criticism concerns the fragmentation of data brought about by the use of coding
(Coffey & Atkinson, 1996). Yet, although the process of coding may lead to the contamination of
respondents' opinions, the value of the findings is based on the ability to interpret the data and develop
a theory about it (Bell et al., 2018).

In addition to summarising the results of the interviews, the codes derived from the analysis
of the results are used for the Discussion (Chapter 5). In particular, what emerged from the interviews
is compared with the literature to see whether empirical findings are in line or in contrast with
previous studies. In order to facilitate this comparison and to group the respondents' insights based
on the topic, the discussion is structured according to the result of the thematic analysis conducted on

the interviews.

3.4 Research Quality

The criteria traditionally used for evaluating research quality are validity and reliability. However,
several authors have pointed out that these parameters are more suitable for quantitative than for
qualitative research (Bell et al., 2019). For instance, one of the criticisms made is that validity implies
the idea of measurement, which is not one of the main purposes of qualitative research. According to
Johnson et al. (2006), qualitative researchers who make use of such criteria conduct 'positivist-
qualitative' research because they believe that social reality exists objectively regardless of who
observes it.

Conversely, Lincoln and Guba (1985) believe that theories of qualitative research are
representations of reality and that multiple forms of the same phenomenon may exist (Bell et al.,
2019). In other words, from their point of view, there may be more versions of the same social world
and applying the criteria of validity and reliability presupposes that only one account of social reality
exists. For this reason, Lincoln and Guba (1985) and Guba and Lincoln (1994) proposed two different
principles for the evaluation of qualitative research, namely trustworthiness and authenticity.
Furthermore, trustworthiness can be broken down into credibility, transferability, dependability and
confirmability that all have a specific equivalent criterion in quantitative research.

More specifically, the credibility of qualitative research is based on the extent to which the
study is conducted in the appropriate manner and the research participants confirm that the researcher
has correctly understood their social world. In this way, the results of the study can be considered
reliable. With regard to transferability, then, qualitative research seeks depth rather than breadth,

meaning that it intends to intensively study a small group of individuals. Consequently, the results of
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the study tend to reflect the uniqueness of the social reality examined. Therefore, empirical findings
may vary depending on the context and even within the same context over time. For this reason, Guba
and Lincoln (1985) argue that the purpose of qualitative research is not to be exactly replicable in
other settings, but to offer the reader the basis for judging whether the findings can be transferred to
other contexts. By dependability, Guba and Lincoln (1985) mean that all steps of the research process
are conducted in the appropriate manner. For this reason, they propose an auditing approach to justify
theoretical inferences. However, since qualitative research rarely produces large datasets, this
approach has rarely been adopted (Bell et al., 2019). Confirmation concerns the researcher's ability
to be as objective as possible. Although subjectivity in the interpretation of results cannot be
completely excluded, Guba and Lincoln emphasise that personal biases and past studies should not
influence research results. To conclude, authenticity is linked to the issue of the possible existence of
multiple representations of the same phenomenon. In this sense, Lincoln and Guba (1985) argue that
the researcher should show the different points of view of the respondents in order to enable them to
better understand their own social world through an observation from a broader perspective.

In the light of the above, the researcher intends to meet the criteria for evaluating the research
quality by submitting the summary of the interviews to the respondents concerned in order to obtain
an approval of the contents. In doing so, the validation by the interviewee can ensure high levels of
credibility and dependability to this study. Moreover, in order to achieve the objective also in terms
of confirmability and to demonstrate to have acted in good faith without any conditioning, the
researcher intends to show the codes emerging from the thematic analysis conducted on the
interviews. In this way, the author wishes to prove that the codes obtained are consistent with the
opinion of the respondents. Additionally, to increase the transparency of the study, also the results of
the survey are presented in appendix. To conclude, the Discussion included in Chapter 5 relates the
empirical findings to the theories developed in the past in such a way as to demonstrate that all points
of view are considered. By doing so, the researcher ensures that the reader has a complete

understanding of the context examined, hence complying with the criterion of authenticity.
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4. RESULTS

The information from the interviews is summarised in this chapter. In order to facilitate the
understanding of each stakeholder's perspective on the topics covered, the data is organized by
respondent and organization. In addition, information not deemed relevant to the research is not
included in the findings. Next, the main findings from the survey conducted among potential users

are synthetized to also show their point of view on the implementation of autonomous vehicles.

4.1 Respondent 1 — Volvo Cars

Respondent 1 is the Head of Business and Strategy for Autonomous Drive and Active Safety at Volvo
Cars. He is responsible for defining what cars offer in terms of autonomous driving and he has 5 years

of experience in this field. Previously, he has worked in the Trucks division with a similar role.

The latest model introduced by Volvo Cars in November 2022 is the EX 90. Through this vehicle’s
introduction, the company has demonstrated that Volvo cars can drive autonomously within certain
areas. In particular, the first step is to activate autonomous driving on highways during traffic jams
and commutes up to the speed of 60 kilometre per hour. Then, the objective will be twofold: on the
one hand, increasing the speed for autonomous driving, on the other, not being hindered to offer this
functionality only under the abovementioned conditions.

The idea of autonomous driving at Volvo is closely connected with the zero-collision mission
of the company. Considering that 95% of road accidents happen due to human error, Respondent 1
argues that the implementation of AVs may significantly reduce the number of injures due to car
accidents. However, many years have to come before we can see the true value of AVs in the zero-
collision mission. Indeed, in the beginning we will see a mixed traffic with some cars with
autonomous drive and others without. This is why he imagines that at the beginning autonomous
driving features will be offered only in premium cars and will be implemented only in specific
operation design domains, such as highways, where no people are walking around.

Beyond safety and traffic-related benefits, Respondent 1 highlights that AVs can take the
responsibility of driving, while allowing all the passengers to do something more valuable. Moreover,
AVs will considerably improve the mobility for people with disabilities. However, this is unlikely to
happen soon because first we would like to have autonomous driving in other more complex
scenarios, such as urban traffic. Robot taxis can be a solution in this sense, but there is unlikely to be
an added value compared to a taxi with a driver. Moreover, he adds that AVs will not be the solution

for everyone’s problems.
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“It is not like autonomous driving will solve everyone’s problems and challenge in mobility.

There are different needs in different segments” (Respondent 1)

Regarding the future business model for car manufacturers, Respondent 1 envisions that in some areas
his company will continue the business as usual, while in other areas they could shift to a service
provider business model. OEMs are trying out different alternatives at the moment to see whether
they can offer cars in a more sustainable way. Moreover, car manufacturers are collaborating with
tech companies to develop autonomous driving, just like Volvo is doing with Luminar. They will
probably be partners and competitors at the same time.

There are several obstacles to the deployment of AVs. Respondent 1 identifies several key
dimensions:

- Safety: it is not difficult to get a car running autonomously, but it is very hard to do it in a safe
way while taking into account all the rare and potentially dangerous events that may happen.

“We would never deploy anything for consumers that we do not feel as safe or safer than
what we can actually offer with the human” (Respondent 1)

- Technology: it is the baseline for AVs development, and companies need improvements in
their computing capabilities to provide reliable AVs. This is linked with the improved data
analysis competences that companies need to succeed in this field.

- Regulation: the dialogue between regulators, OEMs and technology suppliers is slow. This is
not necessarily negative since regulators has a sort of obligation to society to make sure that
every car on the road is safe. The collaboration going on between companies and regulators
is very positive since it allows us to close the knowledge gap between each other.

- Consumer willingness: not everyone is willing to use AVs, some consumers will still want to
drive the car themselves. The collaboration with the driver is extremely important in order to

develop AVs and make people accept them.

In addition, Respondent 1 clarifies the importance of distinguishing between supervised and
unsupervised driving. This distinction is probably more effective that the one introduced by the SAE
levels. The switch between these two modes must be also very easy to understand in order to reduce

liability concerns.

“It is so important to make sure that it is super clear when the driver is in charge or when the

car is in charge” (Respondent 1)
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There is no specific target in the market for Volvo, since they want to include their
autonomous driving features in all their cars to increase safety and reduce accidents. However, this

will be a step-by-step process.

4.2 Respondent 2 — Kognic

Respondent 2 has a background in mathematics and machine learning with a very early passion for
robots. In 2018 he founded Kognic which provides software to companies developing ADAS and AD
systems, such as Volvo, Bosch and Qualcomm. Kognic is specifically focused on the perception

system.

According to Respondent 2, there are two components that define the level of autonomy,
namely the operational design domain (ODD) and the dynamic driving task (DDD). They are
probably much more important than the SAE levels. The challenge today is in the marginal cost of
expanding the operational design domain for specific types of dynamic driving tasks. When
developing a driving assistance feature, a company must make sure that the feature is available to
every car in the fleet, especially if the intrinsic value of the function is low. Indeed, customers need
to feel that adding the feature is worth the money they spend. To do so, that functionality must be
available in a broad ODD. Hence, the financial return for the next many years will depend on how

many consumers select that function and how large the area in which they can use it is.

“The goal is to make the ODD as large as possible so that the take rate and the cost of function
compared to the cost of development gives you return of investment in a reasonable time”

(Respondent 2)

Respondent 2 believes that companies operating in the AV market can be divided into two
groups. The first one is composed by L4 companies, such as Cruise, Waymo, Aurora, however they
are fewer and fewer. Some other companies like Bosch and Nvidia claim to have L4 teams, but they
invest much more in advanced driver assistance systems (ADAS). L4 companies, like pure robot taxi
companies, have superior software tools and very capable sensors. Their problem is that they do not
have a viable business. On the other hand, the second group includes OEMs and tier 1 which generate
cash through their viable business models, but they lack high-quality software. Therefore, Respondent
2 envisions that OEMs and tier 1 could buy L4 companies and repurpose their software to be ADAS
for their series production. This is something already happening with Ultra Cruise in General Motors
and Argo in Ford. In other words, one way to improve the way of working and the software maturity

of OEMs is to acquire the already failed or soon to be failed robot taxi companies.
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Respondent 2 is convinced that there will be several more acquisitions in the AVs market
because robot taxi companies with financial problems will have to offload their assets. Also for this
reason, he is not very optimistic about AVs for many years to come, at least not in very general ODD.
Companies spent so much on a small area and as soon as they move outside that area, the reliability
of their vehicles plummets.

However, it is not only a matter of money. At the moment, the technology required to drive
autonomously simply does not exist and spending a large amount of money does not guarantee that
it will work. The main reason for that involves machine learning because it generalizes, but does not
generalize well enough. The current technology is not yet able to take into account all the rare events
that can occur outside a limited ODD.

While investments and technology improvements represent a real challenge today, the same
does not happen with people’s willingness to use AVs. Obviously, people’s point of view is important
and can significantly affect the evolution of AVs, as is happening in San Francisco. However,
according to Respondent 2, a more short-term problem concerns the liability in ADAS, that is
understanding when the car assumes control and OEMs can be considered liable for possible
accidents. Indeed, people may be confused about whether they are responsible or not and this could
be more important that their willingness to try an AV.

Regarding regulation, Respondent 2 desires to have a level playing field in developing AVs.
He thinks that a good regulatory system should prompt companies to behave virtuously as it happens
in the pharmaceutical industry. However, it takes a long time to develop such a system and

collaboration is indispensable.

“Collaboration between regulators and industry in defining what can be measured and argued

so that regulatory hurdles make sense” (Respondent 2)

Moreover, companies should communicate with costumers in the proper way. Respondent 2
is clearly in contrast with the approach that some companies use with consumers. For example, he
believes that Tesla, despite being an inspiring, sustainable and successful company, misleads the
public by talking about full self-driving cars, while they are not. This can be an acceptable message
for investors about the future, but not for customers about the present. OEMs have to be considered
accountable in this regard, therefore he would prefer that this field was regulated. In particular,

responsible companies should be rewarded, while irresponsible ones should be punished.
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4.3 Respondent 3 — Drive Sweden

Respondent 3 has almost 40 years of experience in the automotive industry. Specifically, he has seen
the development of AVs from its very beginning, by working on the management side. He has been
working for several years in Drive Sweden, which is a strategic innovation program, focusing on how

to best leverage the autonomous technologies to create a more sustainable mobility.

Respondent 3 believes that AV technology can produce different results based on the user segment
considered. For example, relating to commercial vehicles, AVs can compensate for the lack of
drivers. At the same time, AVs can definitely have a positive impact on the private side, however
there are some aspects to be carefully taken into account. According to him, simply shifting from a
conventional to an autonomous car is not enough. From his perspective, this would lead to reduced

accidents but also increased congestion.

“If we only make our existing vehicles fleet autonomous, then we will just create more

problems” (Respondent 3)

For this reason, according to Respondent 3, the key in applying AVs in personal movement is to
increase the occupancy in each vehicle. This aspect could be not so relevant in rural areas where

congestion is not an issue, but it would have serious consequences in urban contexts.

“If we would continue travelling 1.3 person as an average in every car, then we will just create

a nightmare, particularly in our cities” (Respondent 3)

Therefore, Respondent 3 claims that a change of business model based on ride sharing is needed. For
example, he suggests the use of robot taxis as a complement to public transport. This would be an
ideal implementation of AV technology from his point of view.

Regarding the role of car manufacturers, he envisions that although OEMs have an interest in
selling as many cars as possible, they will also want to be part of the transition towards AVs. In
particular, AVs will be in operation and will thus be recycled or renewed much more often than
today’s cars. Moreover, this would allow them to be part of the future mobility value chain. At the
same time, this could be the first step in their transition towards becoming service providers.
However, it must be said that this tendency was more pronounced a few years ago.

Respondent 3 envisages a collaboration between OEMs and tech companies in the future,
mainly because almost none of tech companies have the capacity to manufacture cars in high volume.

The only exception is, likely, Cruise with GM.
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It is difficult to say which concern is the most critical among regulation, liability,
cybersecurity and privacy. The change of regulation in the international landscape is important, but
it is actually a combination of all four. The biggest challenge is addressing all those concerns in such
a way that they have been solved at the same time. This should foster the spread of the AV market.

Respondent 3 is not concerned about people’s willingness to use AVs, mainly because they
have never tried something similar to an AV, hence they do not know what that experience looks like.
Moreover, once the technology will be ready, gaining user acceptance will not be a big issue.
However, he is convinced that future consumers should be part of the process because public

engagement is critical to the development stage.

“So that what they will get in the end is not an engineer’s work, but something that really

fulfils a traveller need from the end user” (Respondent 3)

In addition, the crucial point for the user is about technology reliability. He argues that if a
full-scale transportation system based on AV integration with public means is implemented, then
almost everyone would wish to use it. However, we are not at that stage and customers cannot be
aware of such a model.

Regarding the best way to facilitate the implementation of AVs, Respondent 3 has no doubts.
Collaboration is the key to success because no organization can deploy such a service by working on
its own, and this is the main reason why Drive Sweden was put in place. According to him, this is a
very good way of approaching the challenge of AVs, with the involvement of government, private
industries, start-ups and OEMs. Perhaps, government and transport agencies should be encouraged to
collaborate more in the process. At any rate, this model of collaboration is extremely important for
the success of a technology and it is likely superior compared to other countries around the world.

Respondent 3 argues that cities should be prepared to implement AVs successfully. By saying
this, he implies that it is not enough to simply allow AVs circulating on the street. Otherwise, the
results would be the same as when e-scooters were introduced in Sweden without any planning,
creating of problems to mobility. In San Francisco, they are experimenting with pickup and drop off

points (PUDOs). In such a case, the municipality must carefully assess how to regulate them.

“It is not that much different from leaving e-scooters on the sidewalk somewhere... stopping
Cruise car in San Francisco will have the same type of impact if it stops in the middle of the street to

pick up a passenger” (Respondent 3)

A few years ago, car manufacturers said they were responsible for non-supervised driving in

AVs. However, companies have been behaving in a different manner recently. They avoid to take too
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much liability and leave it to the driver. This is why some OEMs are trying to enter the SAE Level 3
space. On the other hand, Tesla does not take any responsibility and does not stop drivers from using
the full autonomous features. In this respect, Respondent 3 claims that there should be an international
consensus on regulation because legal systems around the world vary considerably.

Regarding future perspectives for AVs, Respondent 3 believes that AVs will not appear all of
a sudden as some companies claimed some years ago. However, he has noticed how AV support
service has been included even in the standard version of cars. This is why you can easily drive a very
good Level 2 car today. He considers this as a fast-growing trend that will increase the familiarity of

AVs and thus facilitate the transition to full AVs.

4.4 Respondent 4 — Chalmers University of Technology

Respondent 4 is a PhD student at Chalmers University of Technology in Gothenburg. She is interested
in the potential impact of autonomous vehicles on the environment and cities and the related
discussion on regulatory schemes. In particular, her focus is on how AVs could affect carbon dioxide

emissions in Sweden.

Regarding the willingness to use an AV, Respondent 4 argues that very few consumers had the
opportunity to test an AV in a realistic context, thus it is difficult to properly assess their views on the
subject. Of course, it is interesting to run simulations with today's autonomous vehicles, but these
tests do not say a lot about how people might use them 20 years from now. Regarding to the potential
impact on mobility, she distinguishes between the effect on an individual level and on an aggregate
level. On the one hand, she believes that AVs can make life easier especially for people who do a lot
of short trips in cities. These trips require a lot of concentration and planning of daily commitments
and AVs could ease this burden. Of course, this also depends on the cost of AVs and how affordable
they are. Depending on this, they could create further divisions in society or make life easier for those
who do not have access to a car today.

On the other hand, at a broader scale and imagining an individual ownership model,
Respondent 4 envisions that people will spend more time in cars and travel more. Even if cars were
also fully electric and there were no tailpipe emissions, this would have a deleterious effect due to
wear and tear of brakes and tyres and would create more traffic. Furthermore, having vehicles of
different levels of technology or miscommunication between different brands could lead to accidents
with potential safety risks for passengers and additional traffic.

Based on this reasoning, Respondent 4 believes that governments should first push to integrate
AVs with public transport. This clearly could threaten the work of bus and tram drivers, but they

could be retrained to act as a kind of facilitator on means of transport to make people's journey more
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comfortable. In a second step, ride sharing should be promoted, especially in rural and suburban areas
where public transport does not arrive. The reason lies in the fact that people today are much more
familiar with the public transport system than with ride sharing. In general, she argues that new
technologies should be integrated into existing systems which people are used to interact with. An
example in Gothenburg is the flex line. Consistent with this idea, Respondent 4 argues that AVs

should not be introduced as part of a mobility as a service model.

“I don't think it makes sense to put a new technology into a system that still hasn't actually

worked” (Respondent 4)

This is not to say that it could not work in the future, but from a utilitarian point of view, she does
not believe that it would meet people's needs, as opposed to public transport. MaaS could work
with a small number of people who are willing to learn how to use the new system.

Considering the integration of AVs into the public transport system, Respondent 4 mentions
the case of the city of Gothenburg where fully electric and plug-in hybrid buses were tested on two
fairly regularly trafficked lines. This project which was carried out in cooperation with regional and
municipal government, Volvo, and other private actors, is a good example of how cities should
approach such a challenge. In addition to technical testing, stakeholders should also focus on public

education.

“[ think this point about not using it because you don't know how or you don't trust it, is

really going to be a big issue” (Respondent 4)

Showing users how the system works, how one pays, where ones goes and when one leaves
is important because these are the aspects that people are interested in. If the experience with the
self-driving bus is the same as with a conventional one, it is much easier to convince users to switch
to the new system. For this reason, Respondent 4 believes that the user experience with public
transport does not have to change much with the integration of AVs. Furthermore, from her point
of view, organizations should not make big promises and claim that tailor-made solutions could be
provided to each person or that a door-to-door service could be implemented right away. For this
reason, it is important to educate people and actually show what these solutions could look like. In
contrast, regulating AVs for individual transport is much more difficult and is something that needs
to be addressed at higher, national and EU levels. Cities, on the other hand, can work at the local
level to integrate AVs into their transport systems while avoiding situations similar to what

occurred in Gothenburg with e-scooters.
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4.5 Respondent 5 — Goteborgs Stad

Respondent 5 is a manager in the analysis department of Gothenburg municipality with expertise on
traffic congestion and urban planning. His job consists of understanding how the city of Gothenburg
should change to accommodate the future of mobility and the arrival of autonomous vehicles.

Previously, he worked in the traffic office and focused on the reduction of congestion in Gothenburg.

Regarding the potential effect of AVs on mobility, Respondent 5 believes that it will depend
on how AVs are introduced and how they are perceived by consumers. If they were integrated into
public transport, there would be a sizeable impact on urban congestion. If, on the other hand, they
were introduced as private vehicles, there would be more traffic. Therefore, municipalities should
work to make AVs part of the public transport system. According to a study conducted by Goteborgs
Stad, public transport users would be very interested in using an AV as their own or shared transport.
This result raises some concerns and calls for careful reflection on how to implement self-driving
vehicles. In particular, Respondent 5 emphasises the importance of seeing AVs within a greater

system.

“We must have some rules from a city perspective, so we have sustainable and good city in

the future” (Respondent 5)

From his point of view, in the absence of precise rules on where the car can stop, park, and
travel, there could be negative effects on traffic in the city. Furthermore, the aim is to make the city
more sustainable and to promote cycling, public transport and walking. Therefore, it is not enough to
switch from conventional to autonomous cars without a systemic vision. To confirm this, he recalls
the example of the e-scooters introduced in the city of Gothenburg a few years ago without an
appropriate regulatory package. This resulted in a situation where e-scooters did not fit well into the

wider city context.

“[ think the conflict between pedestrian or walkers and bicycles with e-scooters was the

problem” (Respondent 5)

Furthermore, there was no discussion in place on how to integrate AVs into the public
transport system. While being an excellent tool, especially for first or last mile connectivity, the
introduction of e-scooters did not bring the desired results due to a lack of planning. Of course, this
experience can be helpful in understanding how best to implement AVs.

From this point of view, Respondent 5 considers regulations together with the technical

challenge as the main obstacles toward the successful diffusion of AVs. On the contrary, he is not
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very concerned about customer willingness to make use of AVs. From the survey Gdoteborgs Stad
conducted in the city, it emerged that potential users are very interested in such technology. The only
concern regards safety. However, he thinks that if you can prove that AVs are reliable, then people
will use it for their trips.

Regarding the role of stakeholders, Respondent 5 believes that the city has a very important
task in the dialogue with other organisations. However, the level of collaboration with car companies
or public transport companies is not high at the present time. This is an aspect that could be improved,
and the development of the mobility system should take the city's perspective into account.

In the end of the interview, Respondent 5 reported on a recent simulation conducted in the
city of Gothenburg with the aim of predicting the effects of the introduction of AV's on urban mobility.
In particular, the project simulates the effects on traffic and the number of cars in circulation under
the assumption of pick-up and drop-off points (PUDOs) every 100 metres in five different scenarios.
In particular, each scenario presents a different level of use of public transport, private cars, ride-
sharing services and car-sharing services. The simulation results show that city mobility systems
cannot work well without extensive use of public transport. In fact, if users of the public transport
system chose any other alternative, traffic would increase considerably. The shift from private cars
to sharing mobility is desirable in the case of ride-sharing, but not in that of car-sharing. In fact, the
number of cars in circulation decreases in both scenarios. However, in the first case, traffic can
decrease by up to 6%, while in the second it can increase by up to 15%. According to the findings of
this simulation, therefore, the best result in terms of congestion is achieved through the integration of

public transport and ride-sharing.

“We need to have both ride-share and public transport to have a sustainable and a good

mobility in our city” (Respondent 5)

According to the tests made, ride-share attracts mainly public transport travellers. Hence, this
is an aspect to be carefully assessed when reflecting on the greater mobility system. Finally, the
simulation shows that if PUDOs are introduced in smaller numbers and at greater distances from each
other, the traffic around each increases substantially. Therefore, the city must be redesigned in such

a way as to solve this problem.

4.6 Respondent 6 - Swedish Environmental Research Institute

Respondent 6 is a researcher and consultant in an environmental research organization. He has a wide

experience in several aspect of mobility and transport issues. He focuses his activity on transport

56



efficient society, incentives and regulation for controlling traffic and parking, biofuels and sustainable

mobility.

Respondent 6 thinks that with electric and autonomous vehicles people will end up travelling more
kilometres. He assumes that AVs will lead people to travel longer distances with a cheaper kilometre
cost for driving and this would likely result in more congestion. This is why he is convinced that

municipalities and governments should consider new ways to handle traffic.

“We need other incentives or regulations to control traffic especially in cities to avoid

congestion” (Respondent 6)

In this regard, Respondent 6 looked at different taxation systems for traffic. In particular, he suggests
a kilometre-based taxation in place of the energy taxation on the fuel used today. This alternative
would be based on local requirements like noise, accidents or travelling areas and would make it
expensive to drive a car during peak hours in the city. From his point of view, the problem with the

current system is that the fuel taxation is the same regardless of where you are driving.

“That is not very precise from a society point of view, because you have the same taxation
whether you travel on the countryside or in a city with air quality problems and noise problems

and congestion of course” (Respondent 6)

Regarding the way AVs are used, Respondent 6 believes that there will be little change unless the
taxation system changes and special incentives are introduced. Assuming that travelling with an

AV is cheaper than today, he sees no reason why people should share a car with someone else.

“That needs a different shift of mode of our society and different regulations for that to

happen. I don't think that will come automatically” (Respondent 6)

Respondent 6 is aware of the possible benefits of ride-sharing in terms of efficiency, however he
thinks that this is not very realistic without, for example, making parking more expensive to reduce
car ownership.

For this reason, Respondent 6 believes that city planners should make plans today for the
coming years. He suggests first ensuring space for public transport, bicycles and pedestrians, then
leaving the rest to cars. Planning for the future, therefore, must move away from the current
situation in which cars dominate the cityscape. Otherwise, problems are exacerbated rather than

solved.
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“I would say classic physical planning and combination with economic incentives as the

way of handling this for the future” (Respondent 6)

As an example, he suggests to introduce congesting charging or strict parking policy that leads to
a reduction of car ownership from 10 to 20%. Furthermore, it would be ideal to combine AVs with
the public transport systems to make this alternative more attractive and cheaper than the privately
owned car. To make this happen, it is of paramount importance that state government,
municipalities and public transport organizations collaborate and work with incentives. From his
perspective, car companies argue that AVs will be a game changer in mobility, but this is their
business. If you do not plan in a strict way, you end up with congestion, no matter if vehicles are

autonomous or not.

“You need a combination of tools with the carrot and stick and also the clear view of how

you should use your streets” (Respondent 6)

In this regard, he argues that cities need a policy that takes care of different effects associated with
AVs. In particular, he claims that it should not be cheap to drive and roads should not be too large,
if you want cities to be a place for bikers and pedestrians.

Moreover, Respondent 6 believes that sharing mobility could develop, but car companies are
not really pushing in this direction. These companies are aligning the carsharing service to their
existing products designed for the premium market. Thus, market development is unlikely to take

place. Consequently, he does not hold much hope for car manufacturers to promote car sharing.

“It has to be pushed from other actors that have a broader perspective of what a city should

look like and what the good life in a city is” (Respondent 6)

Consistent with this idea, Respondent 6 believes that the public transport authority should clarify how
autonomous driving technology could be used and push things in that direction. In that way, private

industry could develop this technology in the most appropriate way.

“[ think that the city could be clearer to the private industry and the car industry about what
is the vision for the city and what is room for the autonomous vehicles for them to elaborate in today”

(Respondent 6).

From his point of view, ten years ago there was more talk about autonomous driving and it was
thought that AVs would arrive soon. Then the actors realised that it is difficult to mix different types

of traffic both from a technical and regulatory point of view.
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Finally, in order to introduce the necessary changes, Respondent 6 argues that decisive policy
intervention is necessary. In addition, people's views must be understood and their level of acceptance

for the regulations to be implemented.

4.7 Respondent 7 — Ericsson

Respondent 7 has more than 15 years of experience in the automotive sector. He is one of the
managers responsible for 5G, connected vehicles and AD and ADAS systems at Ericsson. He is
involved in several projects in the pre-commercial phase of ADAS and AD domain. Previously, he
was project leader and business consultant in the automotive, industrial and service segments at SFK

Group.

Respondent 7 thinks that the first use case for AVs will be in commercial applications, in particular,
in warehouses and logistics. For example, Scania and Volvo are collaborating to develop an
autonomous truck in mining operations. In this scenario, the cost of ownership and operations would
be significantly lower. He believes that autonomous driving will later be applied to cars, perhaps in
the form of pod-like buses.

As for applications of AVs for people, Respondent 7 imagines that AVs will be part of the
transport system, but he does not know whether as a product of private companies or city authorities.
From his point of view, in the future, AVs could be part of everyday traffic, whereas today they are

present in special use cases, e.g. in newly built areas of the city.

“So, when they build a new city blocks down there at the river, they're thinking about putting
on the autonomous driving, and you can do that because you're building the centre from scratch”

(Respondent 7)

In contrast, it will take longer to have self-driving cars in traditional cities. Regarding the
impact of autonomous driving on mobility, Respondent 7 is not very convinced about the importance

of AVs in the transport system of the future.

“So, I don't think that will be part of or it will not be a major part of a future public transport
mix. It will be an add-on” (Respondent 7)

Specifically, he does not see how private AVs or self-driving taxi can make the city more
efficient or less congested. This is because trials have shown that AVs travel slower and it will take
time for the technology to become good enough to drive the car without causing more traffic. In order

to increase efficiency, he suggests that AVs could be introduced in small buses. On an individual
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level, there would be other benefits, the car for example could be safer. However, one should not
think that it is enough to introduce a self-driving taxi to solve all traffic or public transport problems.

Considering the competition between car manufacturers and tech companies, Respondent 7
believes that the latter have an advantage due to the type of skills required in the industry. Tech
companies are advantaged by their knowledge of algorithms and data and will continue investing in
this sector. Moreover, AVs should be fully sensorized and connected to share data to access off-site
capabilities and to have an overriding function from the control tower. At the same time, automotive
companies are much better equipped to manufacture the vehicle, but they need to figure out how to
develop the software to pilot the car. Therefore, he envisions that in the future there will be
partnerships between tech companies, OEMs and service providers, such as Lyft.

In this regard, however, he acknowledges that, a few years ago, there was much more hype
about the idea that new players could enter the market and bring real innovation to the relationship
between car companies and customers. From his point of view, this attention seems to have
diminished because the launch of these vehicles is approaching. Regarding the business model of the
future in the automotive sector, Respondent 7 believes that car manufacturers are already changing
their approach by opening mobility as a service department. However, he believes that the reason is

not the arrival of AVs, but their desire to build a closer relationship with the customer.

“And that I think is changing the OEMs much more dramatically than eventual growth of
the self-driving cars” (Respondent 7)

For this reason, car companies are developing subscription-based services bypassing distributors.
From his perspective, by the time AVs come to market, OEMs will have already adopted a more
service-driven business model.

With respect to consumers' willingness to try AVs, Respondent 7 argues that it is too early to
make a judgement although it seems that interest around autonomous driving is quite high. On the
contrary, it is the OEMs that are limiting autonomous driving to level 3 because they believe
consumers are not ready. On the other hand, Respondent 7 believes that the pickup rate will be
decided by perceptions of safety and the possibility of sharing a vehicle with unpleasant people.
However, he is convinced that the business model that will prevail will depend on the will of
consumers.

“If people would like to pay for sitting alone in the vehicle, then there will be business model
for that. If you would like to have a super rate by sharing, then there will be business model for

that” (Respondent 7)
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In addition, Respondent 7 states that, for a long time, industry has been calling for a level playing
field and rules that apply to everyone, but it takes a long time for governments to act. Furthermore,
in Europe there are different levels of jurisdiction within EU regulation, government regulation and
state or city regulation. In this respect, North America and China are further along in development
because they are more lenient in starting trials. These trials are approved by one authority, but are not

recognised by the others, thus slowing down the companies' business.

“The companies that are investing this would like to know how they should behave”

(Respondent 7)

Regarding the approach used to develop AVs, Respondent 7 believes that regulators should act to
catch up with the technology. The development of Al, imagery and software to drive the vehicle will
continue to accelerate. That is why it is important for these authorities to figure out how to regulate

this soon.

4.8 Respondent 8 — Volvo Penta

Respondent 8 is a manager at Volvo Penta, a company belonging to Volvo Group involved in the
construction of marine engines and propulsion systems. Previously, he worked as project manager at
Asta Zero and Einride. During those experiences, he was responsible for R&D projects about AV

safety and road testing.

Regarding the impact of AVs on mobility, Respondent 8 believes that they will bring many benefits
in term of safety, efficiency and freeing the driver from being concentrated on the road. However, he
does not have a clear idea of what kind of self-driving cars will be developed. From his point of view,
it depends on the type of car people will need since AVs can be designed for specific purposes, from
long journeys to day-to-day logistics. However, Respondent 8 is convinced that the first
implementation of AVs on large scale will be commercial vehicles since they are already in use today.
The development of self-driving cars for people transport will be the second step.

Respondent 8 argues that the best way to implement AVs is within a service model in which
the user pays a fee for using the vehicle for a period of time or for a ride. He believes that the presence
of a service provider within the system is very important. However, this role does not necessarily
have to be filled by the car manufacturer, but there could also be some intermediaries to perform this
function. From his perspective, this service-driven business model could be realised either by

integrating AVs with public transport or by creating a ride-sharing model. In contrast, he considers
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the deployment of individually-owned AVs less likely and, in the long term, he does not see people

owning a car, except for hobbies or special interests.
“In the end, people don't want to own cars, it's just hassle basically” (Respondent 8)

On the other hand, however, Respondent 8 recognises that high-income people might also have an
interest in owning AVs. Again, what matters is that the car is always available when needed,
regardless of who owns the car. In light of this, Respondent 8 does not fully agree with the idea that
the AV system should be regulated and based on ride-sharing.

“So, you will always have the end cases where it doesn't work to say that you have to have

it regulated and shared” (Respondent 8)

With respect to AV development, he believes that few companies are able to offer this kind of
autonomous solution. As it is too expensive for too many to invest in this area, he thinks that

collaboration between car manufacturers and tech companies is the way to go.

“Of course, in the end, they have to have some kind of competition, but it's too expensive for

every manufacturer to develop by themselves. It's too big of an effort” (Respondent 8)

In order to speed up the deployment of AVs, Respondent 8 believes that public authorities should
dedicate infrastructures to these vehicles. In particular, governments should provide reliable, real-
time maps and set up information systems that all vehicles can contribute to and access. Today
there are several providers that make such maps, such as Google Maps, but he is convinced that it
would be better to take care of this at central level. Later, this system could also embrace the

operation of traffic lights and all road-related information.

“In the end, of course it can be done with shared data or with some kind of crowd type of
thing where each vehicle reports information, but I think the governments at some point have to

provide that part” (Respondent 8)

Another task for governments is to work on the regulatory approval of vehicles. Preferably,

they should cooperate to develop global standards so as to not restrict the market for AVs

“I think both the regulatory approval of vehicles and also the mapping that was talking
about for, all of these have to build off some kind of global, preferably global standards, otherwise

you would limit the market of where these vehicles can be sold and can be used” (Respondent 8)
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Furthermore, Respondent 8 considers it necessary for stakeholders to focus on collaboration.
In particular, he does not believe that companies can build a vehicle on their own that can handle
everything. Instead, they should interact to share information and apply standardised interfaces. In
this regard, Respondent 8 believes that the biggest obstacle to the development of AVs is within
regulation because there is a need for consensus across countries and the involvement of many
actors. In addition, it would be important for governments to give a clear direction to firm activities

by creating the right framework to develop the technology.

4.9 Respondent 9 — Vinnova

Respondent 9 is a manager at Vinnova, the Swedish agency for innovation. He has more than 20 years
of experience with autonomous vehicles. He started by working on one of the first data systems which
put the ground for the development of AVs. Then, he worked on navigation systems and telematics

and collaborated in two strategic vehicle research programmes.

Respondent 9 envisions that AVs will bring several benefits. First of all, reducing the number of
accidents on the road as they are mostly due to human error. Secondly, decreasing the cost of traveling
with positive effects on public transport, especially in rural areas. In addition, AVs will bring greater
comfort to people as they will be able to travel more, which, however, will have a negative effect on
traffic.

According to Respondent 9, this is a prospect that could be realised 10 years from now because
of the current technology level of readiness. At the moment, AVs are currently not safe enough to
replace the human driver, except in some controlled environments. For what concerns the
implementation of AVs, Respondent 9 believes they will be introduced first for commercial use in
private areas, such as harbours, or where there are no people around. Subsequently, AVs will spread
as a mean of transport for people, at first in controlled areas such as highways or on dedicated lanes,
then in more complex contexts such as urban areas.

According to Respondent 9, the main obstacle to the deployment of AVs is technology. In
particular, he believes that companies have underestimated the technical challenge. Many firms have
perceived the possibility of the deal without having the necessary expertise; indeed, at the present
time, the level of technological readiness is still not good enough. This aspect is closely linked to
passenger safety. In particular, he argues that it will take time to overcome the psychological barrier
that separates users from feeling safe. In this regard, Respondent 9 points out that it will be weird for
people to be confronted with driverless cars. As soon as they have overcome this mistrust and AVs
take hold, there may be congestion problems in cities. To bridge this gap, according to Respondent

9, government intervention is essential. It is probably not enough for a private company to certify the
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safety of its vehicles. Therefore, the public authority should validate the autonomous driving system
and prove that it is at least as safe as the traditional one.

In addition, public authorities should plan how the city will accommodate the arrival of AVs.
In this regard, Respondent 9 believes that some lanes could be reserved for self-driving public
transport. With respect to the future business model of car manufacturers, Respondent 9 argues that
it is difficult for them to become service providers because they would have to implement vertical
integration, but it is hard to be competitive along the whole chain. There are specific companies that
can do the same business more profitably. Respondent 9 cites the example of the Finnish company
Go More. In this case, the prospect of buying an AV and renting it when not in use could be attractive
to consumers.

Respondent 9 envisages that some companies may try to develop the whole system on their
own, like Tesla. But then, as competition increases, they will reflect on make-or-buy and profitability
aspects and might switch to a cheaper system based on partnerships. In the end, therefore, it seems
more likely that the car companies will buy the whole software system. Regarding the current
approach to AVs development, Respondent 9 believes that collaboration between companies would
facilitate everything. In particular, organisations should focus on large demonstrations on the road.

By doing so, the gap between technology maturity level and public acceptance could be bridged.
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4.10 Survey

In this section, the main results of the survey administered to potential AVs users are presented. For
a thorough understanding of respondents’ perspective, all the survey results are shown in Appendix

D. Empirical findings are organized into four areas:

- Characteristics of the sample;
- Transport habits;
- Critical adoption points for using AVs;

- Willingness to try AVs.

Characteristics of the sample

The survey was sent to 118 respondents and the sample is balanced between men (62 out of 118,
equal to 53% of the respondents) and women (56 out of 118, equal to 47% of the respondents). The

distribution by age of the sample is shown in Figure 2.

Figure 2: Sample distribution by age
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From the pie chart above, it is clear that around 80% of the respondents are younger than 50

years. This data could represent a limitation for the generalizability of the results. However, as
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extensively clarified in the previous sections of this thesis, autonomous driving technology is being

developed today and AVs may hit the road in the years to come. In this respect, a moderately young

sample could provide valuable insights to guide AV development in the right direction and to inform

stakeholders about the main concerns or doubts spread among people.

Transport habits

Regarding transport habits, car (60%) is by far the favourite mode of commute of respondents,

followed by public transport (30%) and walking or cycling (10%). Consistent with this figure, 88%

and 72% of participants claim, respectively, to have a driving licence and to own or lease a car. In

this respect, Table 6 shows how often respondents use a car.

Table 6: Frequency of using the car

Frequency Percent Cumulative
Percent
Valid Almost never 22 18,6 18,6
A few days a month 23 19,5 38,1
A few days a week 34 28,8 66,9
Every day 39 33,1 100,0
Total 118 100,0

Critical adoption points for using AVs

The great majority of respondents (87%) claim to have heard about autonomous vehicles, however

most of them (62%) do not have not a well-defined opinion about AVs. It is interesting to notice that,

while arguing that AVs will reduce the number of road accidents, most participants would feel less

safe in a self-driving car compared to a conventional one. This is what can be seen from Figure 3 and

Figure 4 presented below.
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Figure 3: Perceptions on safety
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However, liability seems to be the main concern for respondents. Specifically, almost 70% of
respondents said to be concerned about who will be held responsible for issues involving AVs. On
the other hand, considering the benefits associated with autonomous driving, more than half of
participants claim that AVs could be beneficial to elderly, children and people with disabilities.
Regarding the relationship between the user and the car, 84% of respondents do not have a precise

idea on how clear interactions with AVs will be, as shown in Figure 5.
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Figure 5: Clarity in interactions with autonomous vehicles
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However, 76% of participants are convinced that learning how to use an AV will not be difficult.

Willingness to try AVs

Regarding their willingness to try autonomous vehicles, respondents do not show a clear direction.
As shown in Figure 6, there is a slight preference for using AVs when they will be available on the

market, however almost 80% of participants do not take a firm position on the topic.

Figure 6: Likelihood of using autonomous vehicles
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With respect to the preferred mode of implementation of AVs, participants gave consistent
answers. As it is shown in Figure 7, respondents have a clear preference for integrating AVs with
public transport, while it seems that they are not very interested in ride-sharing. Finally, opinions
about individually-owned AVs are those with the least dispersion in data, meaning that participants,

on the aggregate level, do not have a clear idea about the use of AVs as private cars.

Figure 7: Favourite mode of using autonomous vehicles
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The main takeaways of empirical findings from the interviews are reported in Table 7.

Table 7: Main insights from interviews with experts

Source Insight
Increased safety to achieve zero-collision mission
Coexistence of traditional and innovative business models
Respondent 1 I ] ) o
Distinction between supervised and unsupervised driving
Complexity of expanding the ODD
Lack of viable business model for Level 4 companies
Respondent 2 i .
Level playing field in the development stage
Necessity of sharing mobility for AVs
Respondent 3 Collaboration as key to success
Setting rules before AVs are available
Distinction between individual and aggregate level
Respondent 4 Integration with public transport
Public education to build trust
Importance of having a city perspective
Respondent 5 Need for specific rules
Cruciality of public transport
Incentives to control traffic and promote sharing mobility
Respondent 6 Sharing AVs vision with the industry
Planning areas for pedestrians, cyclists and public transport
Partnerships to develop AVs
Respondent 7 Disintermediation in the automotive industry
Need for an international consensus on regulation
Service-driven business model
Respondent 8 Collaboration to develop autonomous driving technology
Real-time maps from governments
Psychological barrier for users
Respondent 9 Complexity of being competitive on the whole value chain for OEMs
Collaboration to develop AV technology and public demonstrations
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5. DISCUSSION

In this section, the researcher presents a discussion of the results obtained through the interviews with
autonomous vehicle experts as well as the survey administered to potential users. The empirical
findings will be connected with past theories and studies in order to identify any commonalities or
disagreements. The aim is to gain a clearer idea of the potential impact of AVs on society, the
automotive sector and city planning in order to derive conclusions that can have both managerial and
theoretical implications.

In order to have a complete understanding of the topic, as anticipated in the methodology
section, the empirical findings of the interviews were analysed according to a thematic analysis. The

results of this process are shown in Table 8.

Table 8: Thematic analysis of empirical findings

Second-order concepts Aggregated themes
+ Accessibility = Safety
+ Liability + Sustamability B Critical adoption points
+ Regulation = Traffic congestion

+ Listening to customers’ needs Willingness to ride-share
+ Protest agamst AVs development _— Customer willingness
+ User expenence Willingness to try AVs

+ AVs classification
+ AVs development

Car manufacturers and tech companies
Challenges 1n implementing AVs

. : .
+ Benefits from AVs + Go-to market strategies Future perspectives
+ Business model » Ownership model
+ Changing the current approach + Collaboration
+ City planning + Need for strong politicians _—— Stakeholders involvement

During the analysis, 309 codes were merged in 72 first-order concepts. Subsequently, these
were grouped into 23 second-order concepts from which the 4 main themes were derived. The table
containing also first-order concepts is shown in Appendix C. These categories represent the topics
discussed in the interviews and form the basis of the interview guide used in the Data Collection. In
order to make the Data Analysis consistent with the data gathering process, the discussion of the
results is organised on the basis of the same four main themes, i.e., critical adoption points, customer
willingness, future perspectives and stakeholders' involvement.
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5.1 Critical adoption points

As mentioned above, depending on how they are implemented, AVs can either generate benefits or
have negative effects that are likely to affect their large-scale deployment. In the research phase,
several critical adoption points were identified, such as impact on traffic and sustainability, safety,
liability, regulation and accessibility. These factors are the subject of the discussion presented in this

section.

Traffic and sustainability

The results of the interviews are in line with the findings of the literature review. In particular, as also
pointed out by Duarte et al. (2016), Respondents 3, 4, 5, 6 and 9 argue that the introduction of AVs
will produce different effects depending on how they are implemented. First of all, it has to be
considered that AVs will not require people to pay attention while driving and are expected to offer
smoother and more efficient driving experiences. For this reason, two categories of effects can be
imagined.

At the individual level, people might spend more time in the car and make longer trips, as also
noted by Gelauff et al. (2019) and Legéne et al. (2019). On an aggregate level, this would obviously
increase road traffic, instead of reducing it, and increase the kilometres travelled per vehicle. In light
of this, it is reasonable to agree with Respondent 3's viewpoint that simply making a fleet of vehicles
autonomous creates more problems than it solves. Without a control system, AVs risk making the
city even less efficient and generating more traffic, as Respondent 7 argues.

From the point of view of sustainability, on the other hand, increasing the number of
kilometres travelled is not expected to have a major impact since AVs are expected to be powered by
electric motors and alternative fuels (Wadud et al., 2016; Fagnant & Kockleman, 2014). On the
contrary, AVs are expected to contribute to the reduction of emissions from the transport sector, as
highlighted by Barth et al. (2014) and Kockelman and Clements (2017). At the same time, however,
Respondent 4 points out that the increase in kilometres travelled will lead to deleterious effects due
to brake and tyre wear. Given this premises, Othman (2022) emphasises the importance of regulating
the use of AVs. In this regard, a system of incentives and charges would be desirable to prevent the
increase in traffic and make the transport system more sustainable. For example, the kilometre-based
taxation and parking fees suggested by Respondent 6 seem feasible solutions to manage traffic,

especially in cities.
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Safety

Safety plays one of the most important roles in the use of new technologies; even more in the case of
autonomous driving considering that 94% of accidents are caused by human error, as reported by
Morando et al. (2018). In the case of Volvo Cars, then, the development of autonomous driving is
seen from the specific perspective of increasing safety to achieve the company's zero-collisions
mission. Specifically, the next challenges appear to be twofold: on the one hand, demonstrating the
safety of AVs even in the most complex environments where autonomous and human driving coexist,
as highlighted by Schwarting et al., (2018) and Respondents 1, 4 and 8. On the other hand, proving
the safety of AVs in the eyes of potential users.

In this regard, it is interesting to note that according to Casley et al. (2013), the survey
participants of this research, and Respondents 1, 3 and 9, AVs will be able to reduce the number of
accidents on the road. In spite of this, as also noted by Deb et al. (2017), the majority of survey
participants state that they do not feel safe driving an AV. To overcome this mistrust, since the
intention to use is influenced by the perception of safety before actual use (Moody et al., 2020), it is
essential to involve future potential users in the trials. It is not sure, however, that the same number
of trials has the same effect on consumers everywhere. As noted by Moody et al. (2020), safety
perceptions vary from country to country and seem to be related to the current level of safety on the
roads. Therefore, this factor should also be taken into account when planning the series of trials with

potential users.

Accessibility

Just as emphasised by Pettigrew and Cronin (2019), Respondents 1 and 4 state that increased
accessibility is one of the major social benefits of AVs. However, the risk posed by Pettigrew et al.
(2019) on the importance of the needs of the elderly seems to be confirmed. In fact, respondent 1
states that although it is important to create a system that takes the needs of the elderly and people
with disabilities into account, the first step will be to develop autonomous driving in more complex
contexts like urban areas. This perspective might actually make it more difficult for the elderly to use
autonomous driving, especially under the assumption of a private ownership model that entails a
higher initial purchase cost (Pettigrew et al., 2019). Therefore, from this point of view, it would be
desirable for governments to promote a shared mobility model, based on the integration of AVs with

public transport or ride-sharing.

Regulation and liability

A sensitive issue for the future deployment of AVs concerns regulation. Not surprisingly, according

to McKinsey (2021), Respondent 8 and the results of the survey, regulatory aspects are the biggest
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obstacle to the large-scale implementation of autonomous driving. Regulation can be introduced in
several fields. As already shown, it can relate to the application of incentives to encourage a certain
use of AVs. As will be seen below, it can concern how city development should be planned to
accommodate the arrival of AVs. In this section, instead, the focus is on liability issues. In particular,
Riehl (2018) argues that there is a need for an entirely new legal framework to define who is liable
in the case of traffic accidents. In this regard, then, Respondents 1, 2, 3, 7 and 8 state the absolute
need for an international consensus on the subject. This consideration seems reasonable since in the
absence of uniform legal standards, the market for AVs would be highly restricted and penalised.

With specific reference to who bears responsibility for AVs, Respondent 3 notes that in the
last few years car companies have stopped claiming liability for road accidents involving AVs. To be
more precise, as Respondent 2 points out, OEMs' liability applies in very specific scenarios. All of
this only adds to the uncertainty of potential users and fuels their concerns, which is clearly
detrimental to the spread of autonomous driving. Although Respondent 1 states that a clear distinction
must be made between supervised and unsupervised driving, so that the driver is aware of whether or
not he or she is responsible, it is clear that it will take years before a comprehensive and agreed
regulatory framework can be achieved. Not least because, as noted by Respondent 4, regulating the
private use of AVs appears much more complicated.

In light of the above, the integration of autonomous driving into public transport could instead
be faster and smoother. If only because specific lanes may be dedicated to public transport, such as
trams and trains, as suggested by Respondent 9. This would give time to find a solution to the
regulation of mixed traffic, a very complex challenge according to Respondent 6, and allow

technology to move forward, make cars safer and reduce liability concerns.

5.2 Customer willingness

This section deals with the results of past studies, interviews and survey concerning the point of view
of potential users about the use of AVs. The main insights involve the need for public education,

consumers’ preferences on AV implementation and willingness to ride-sharing.

Understanding customers' views on the use of AVs is complicated. Indeed, the arrival of fully
autonomous driving is yet to come and it is no coincidence that consumers do not have a clear idea
about AVs. As proof of this, although 87% of respondents to the survey said they had heard of AVs,
about 62% admitted they had no positive or negative opinion about them. This leads one to think that
action is needed to educate the public about autonomous driving and the benefits it may bring to
society. Nevertheless, the empirical findings of this study already show a clear interest in the world

of autonomous driving. On the one hand, Respondents 5 and 7 noted the public's enthusiasm for AVs.
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On the other hand, the survey revealed that 42% of participants said they would be inclined to use
AVs in the future, compared to 32% who said the opposite.

As Respondents 2, 3 and 4 state, there are too few people who had experience of autonomous
driving to rely on their indications as to how AVs should be implemented. However, what seems
certain, according to Respondents 3, 5 and 8, is that the acceptance of autonomous vehicles will come
hand in hand with confidence in the technology. In the words of Respondent 9, however, it will take
time for users to overcome this psychological barrier.

Regarding how AVs should be implemented, Levin et al. (2019) emphasise the key role of
ride-sharing in order not to incur an increase in traffic. In this regard, Morales Sarriera et al. (2017)
identify time and money savings as the main motivations for ride-sharing. This insight seems to be
confirmed by the survey showing that 42% of participants consider that AVs will save people time,
compared to 25% who have the opposite opinion. On the contrary, both Amirkiaee & Evangelopoulos
(2018) and Respondent 7 note that the main barrier to ride-sharing is the hesitation to travel with
strangers. Perhaps, this is what explains the low level of preference of potential users for ride-sharing
compared to the private ownership model and the use of public transport, as can be seen in Section
4.10.

In light of the importance of ride-sharing and the initial mistrust of the public, the researcher
agrees on Respondent 6's suggestion to introduce special incentives to reduce the use of AVs in
private form and promote ride-sharing. In general, as will be discussed further below, the aim is to
make sustainable and efficient use of AVs more attractive. This aim seems easier to achieve in
business rather than leisure travel. Indeed, Lavieri and Bath (2019) show how users are more likely
to share the ride with strangers when travelling to work, but less likely when travelling in their free
time. This indication could be of great help for future city planning, considering that it is precisely
work-related trips that overload city traffic during rush hour. In conclusion, as Respondent 3 notes, it
is important not to promise customised or even door-to-door solutions to potential users from the
beginning. On the contrary, the travel experience should not change much compared to today. In this
way, the transition from traditional to autonomous driving-based transport can take place smoothly.

Such considerations seem of great importance especially in light of the fact that, as Duranton
(2016) states, the benefits of introducing AVs will only be visible when the vast majority of vehicles

make use of autonomous driving.
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5.3 Future perspectives

This section is dedicated to the future prospects of autonomous driving. In particular, the researcher,
starting from the results of previous studies, outlines the current state of advancement of AVs
development and presents the major benefits and challenges associated with their introduction.
Subsequently, the focus shifts to the relationship between car manufacturers and technology
companies and the specific role that OEMs will play in the future value chain. Finally, the main

findings about the different deployment models of AVs are discussed.

AVs classification and development

At the present time, the development of AVs is between advanced level 2 and initial level 3, according
to the previously introduced SAE classification. To be precise, there are also several companies trying
to jump straight to level 4 by developing robot taxis. These vehicles, however, are currently able to
operate in very limited operational design domains (ODD), as reported by Respondent 2.

Regarding the SAE classification, Respondent 2 points out that this categorisation is rather
useless, if not harmful, at least in the eyes of users. Indeed, the differentiation between vehicle
characteristics may be useful for manufacturers or regulators, but it ends up generating confusion
among consumers. As also suggested by Respondent 1, what really matters is the distinction between
supervised and unsupervised driving, i.e., when the responsibility for the actions of the vehicle lies
with the driver or with the car. For this reason, Respondent 1 states that Volvo Cars intends to make
it crystal clear to the user who is liable at all times when the vehicle is operation. Such considerations
seem agreeable and could be useful for the future development of AVs. By specifying whether it is
supervised or unsupervised driving, of course, it would reduce users’ concerns about liability. This
does not alter the fact that, as seen above, legislative intervention is needed to regulate accidents
involving AVs.

Beyond this aspect, Respondent 2 argues that vehicles are currently able to activate
autonomous driving capabilities in controlled environments, such as highways, and at speeds up to
60 km/h. The next steps will be to first increase the speed, then to extend the ODD to more complex

contexts, such as urban areas.

Benefits and challenges in implementing AVs

From the point of view of benefits, a distinction between individual and aggregate level has to be
made. In the first case, Respondents 1, 3, 4, 8 and 9 agree on the idea that the main benefit that each
user of AVs will enjoy will be the possibility of using the time spent in the car in a more productive

or pleasant way. This positive impact could reduce the cost associated with travel, as noted by Berg
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& Verhoef (2016), and change users' travel habits, with potentially negative consequences from a
social point of view. On an aggregate level, in fact, as noted earlier, AVs are expected to produce
positive effects in terms of safety, efficiency, sustainability and traffic reduction (Fagnant &
Kockelman, 2015). However, reduced congestion and greater sustainability in getting around may be
undermined by changing user behaviour. For this reason, public authority intervention is desirable in
order to preserve the positive effects of AVs by incentivising the proper implementation of AVs. This
topic will be dealt with in detail later.

Another benefit related to the introduction of autonomous driving consists in the possibility
of finding a solution to the lack of drivers, while at the same time reducing operating costs, as noted
by Respondents 4, 7 and 9. This also seems to be one of the main explanations why Respondents 7,
8 and 9 claim that AVs will first be used in commercial applications, as already occurs today, and
later for passenger transport, once technological development has yielded satisfactory results. At the
same time, however, the replacement of drivers by technology would lead to the disappearance of
many jobs. Respondent 4 is aware of this aspect and, indeed, suggests that former drivers could be
retrained to perform support activities for users, especially in the perspective that AVs are integrated
with public transport. By doing so, the transition from the conventional to the autonomous transport
system could be made smoother.

Continuing on the side of challenges, most Respondents focus on the technological aspect. In
particular, Respondents 1 and 2 state that the major difficulty lies in obtaining reliability even in a
general ODD in order to have a reasonable return on investment. While Respondents 1, 5, 7 and 9
say they are optimistic, even though it will take time to master the technology, Respondent 2 is more
cautious because, from his point of view, there is no guarantee that fully autonomous driving will
ever hit the road.

Beyond these considerations, two other concerns emerge from the interviewees' words. The
first, raised by Respondent 4, is the affordability of AVs that could create even more inequality than
today. The second, pointed out by Respondents 5 and 7, concerns the need to develop a system of
specific rules for AVs to prevent their uncontrolled use from having detrimental effects on traffic, the
environment and society. Not surprisingly, Respondent 3 argues that the biggest challenge will be to
put AVs into a greater system and make sure that each of its components - technological development,
regulatory framework, city planning, incentives to use public transport or ride-sharing - are ready at

the same time.
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Business model for car manufacturers and relationship with tech companies

Regarding the business model used by car manufacturers, there has been repeated talk in the past of
a transition to service provision, as reported by McKinsey (2023). To put it simply, instead of
continuing to sell cars to consumers, OEMs would make them available on the basis of a subscription-
based service whereby the user pays an amount only when he or she needs a car. This perspective
would revolutionise the way in which cars are used today. In addition, being based on sharing
mobility, this model would go hand-in-hand with the goals of sustainability and traffic reduction
discussed above, as argued by Respondent 1. For this reason, Respondents 3 and 8 argue that AVs
should be provided through a service.

However, OEMs have the interest of selling as many cars as possible and they are likely to
prefer an individual ownership model for AVs, as argued by Hensher et al. (2018). At the same time,
due to the reasons mentioned above, it is desirable that, with the arrival of AVs, fewer vehicles will
be on the road. These instances seem to be in contrast, nevertheless, it is possible to find a point of
contact. Indeed, as suggested by Respondent 3, car manufacturers want to be part of the transition to
AVs and, considering that AVs are expected that to be in operation for longer, there will be a need
for more vehicle maintenance and renewal. Hence, it seems that OEMs can pursue their business even
with shared autonomous vehicles. As evidence of this, Respondents 1 and 7 claim that car
manufacturers are already setting up departments with the task of developing new solutions based on
sharing mobility.

In this regard, however, two interesting considerations should be made. On the one hand,
Respondent 7 points out that the current business model of car manufacturers is not threatened by the
arrival of AVs, but by the disintermediation that OEMs aim for in order to have a more direct
relationship with the customer. So, this is the real reason why they are introducing a subscription-
based service and AVs will probably arrive when the transition has already taken place. On the
contrary, Respondents 9 believes it is difficult for car companies to vertically integrate along the
entire value chain due to competition. From his point of view, it is more likely that there will be
dedicated companies to manage the service and the customer relationship.

Beyond the perspective that will prove to be correct, it is worth adding another element to the
discussion. As Respondent 6 points out, autonomous driving capabilities are available in high-end
vehicles and it is precisely in premium cars that OEMs are introducing car sharing options. However,
this appears to be an attempt to align car sharing with the product and not the other way around, as it
should be. In other words, it seems that car companies are not promoting car sharing in the most
effective way, perhaps because they do not see sufficient benefits in it. For this reason, considering
the positive effects that could arise on a social level, Respondent 6 believes that it should be the public
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authority to intervene with initiatives to stimulate the spread of ride-sharing, as claimed by Krueger
et al. (2016).

Regardless of how AVs will be made available to users, it is interesting to see how fully
autonomous driving should be achieved. From this point of view, the respondents, while highlighting
different perspectives, are more or less all on the same page. Specifically, Respondents 1, 2 and 3
believe that collaboration between OEMs and tech companies is indispensable to achieve the goal
within a reasonable timeframe. This necessity stems both from technical reasons, given the
importance of expertise with the use of data, algorithms and sensors, as emphasised by Respondents
1 and 7, and from economic issues, as it is too costly for many companies to invest separately on the
development of the same technology, as Respondent 8 points out. Some companies may well follow
Tesla's example and venture into the challenge of autonomous driving on their own, however, they
may retrace their steps and establish partnerships based on make-or-buy considerations, as argued by
Respondent 9. In light of the above, then, Respondent 7 suggests that such collaborations might not
only concern the development of the vehicle, but also its fruition by users. Therefore, he envisions
that partnerships with service providers may be built.

To sum up, then, Respondents believe that collaboration between companies is the best way
to develop AVs. Slightly different and interesting is Respondent 2's perspective that the technology
companies with the best software for autonomous driving do not have viable business models. It is
no coincidence that several of these firms have gone bankrupt in recent years. On the contrary, OEMs
have viable business models, but lack the necessary skills to implement autonomous driving systems.
Therefore, he envisages that through the acquisition of those tech companies, car manufacturers may
have the necessary resources to develop prototypes and finally bring fully automated vehicles on the

road.

Ownership model and go-to-market strategies

As argued by Caballero et al. (2023), Respondents 1, 2 and 3 also believe that the arrival of AVs will
be gradual. In particular, they argue that autonomous driving features will first be available in high-
end vehicles, then gradually spread to standard versions.

More complex, however, is the matter of ownership model. As claimed by Duarte & Ratti
(2018), users are likely to be interested in private use of AVs in order to make the most of their
convenience. However, as already pointed out, this could have a negative effect at the aggregate level.
This seems to be the main reason why Respondents 3, 4, 5, 7 and 9 believe that AVs should be
integrated with public transport. There are several elements confirming this: need to increase the

occupancy rate in vehicles to reduce traffic (Respondent 3 and Levin et al., 2017), familiarity of the
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public with public transport (Respondent 4), possibility to improve public transport in rural areas
(Respondents 4 and 9).

Ride-sharing also seems an attractive prospect in the eyes of the respondents, however, some
clarifications are needed. According to Respondent 4, people are not yet familiar with this mobility
model, so it takes time for ride-sharing to become widespread. Respondent 5, although in favour of
sharing mobility, perceives the risk that public transport users might switch to ride-sharing, as found
by Lang et al. (2018). This prospect should be avoided since, as demonstrated, public transport is the
system that best reduces traffic, more than car or ride-sharing and much more than private vehicles.
Finally, Respondent 6 believes that people are not willing to ride-share, so initiatives must be taken,
such as making parking more expensive.

The only interviewee in contrast with this idea is Respondent 8. He is not convinced that prior
regulation is necessary because everything will depend on the way users will make of AVs. However,
based on previous research and other interviewees’ opinions, the researcher believes that some

intervention is needed to avoid counterproductive effects of AV implementation.

5.4 Stakeholders involvement

Based on the considerations made so far, the researcher offers a comprehensive view of the
respondents' opinions on how stakeholders should operate in order to favour the future
implementation of AVs. Specifically, the focus is on how the city should be designed to embrace the
arrival of AVs and what approach the various stakeholders should take to smooth the road to

autonomous driving.

City planning

Regarding the realisation of a system that can best accommodate autonomous driving, the
interviewees raised several points of discussion. First, what clearly emerges is the need for city
planning and preparation. As argued by Respondents 3, 5 and 6, it is not enough to introduce AVs,
but it is necessary to devise a set of instruments to incentivise a more efficient use of AVs. For
example, Respondent 6 argues that public authorities should proceed with physical planning and
economic incentives, such as parking fees and congestion charging. The aim in this respect is to make
public transport more attractive and cost-effective and to reduce the spread of privately owned cars.
For the same reason, too many big roads should not be built and driving a car should not be very
cheap, so traffic could be kept under control.

Furthermore, it is clear from the words of Respondents 3, 5 and 9 that public authorities should
plan the city based on the space to be dedicated to public transport, pedestrians and cyclists, leaving

what remains for cars. In this way, a human-friendly city could be achieved. Obviously, it will be
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easier to implement such a strategy for new areas of cities, while it will take longer to convert
traditional cities, as noted by Respondent 7. Regarding the specific case of Gothenburg, the city
authority should learn from the experience with the introduction of e-scooters. As pointed out by
Respondents 3, 4 and 5, in fact, the lack of rules for the use of these vehicles led to conflict with
pedestrians and cyclists, especially for what concerns the occupation of sidewalks. This experience
could also be useful in the case of AVs. In particular, what has been learnt with e-scooters leads the
researcher to think that pick-up and drop-off points (PUDOs) should be located at strategic points and

in such a way that they do not overload city traffic.

Changing the current approach, collaboration and need for strong politicians

Regarding the role of stakeholders in the development of AVs, in the eyes of the interviewees,
collaboration seems to be the key word. This is not surprising, given the difficulty and magnitude of
the challenges to be overcome. Specifically, Respondents 3, 4, 5, 6, 8 and 9 would like to see a joint
intervention of governments, municipalities and public transport companies. This seems to be in line
with the innovation ecosystem theory by Adner (2006), according to which the efforts of the whole
system are greater than the sum of the individual efforts. Furthermore, it would also be important to
involve potential users for at least two reasons. On the one hand, this would give the opportunity to
educate people early on about interaction with AVs and increase confidence in this technology. On
the other hand, having public engagement in the development process would give a clearer direction
to the work, as pointed out by Respondents 1, 3 and 4.

Remaining on the subject of the development of this technology, it would be important for the
city authority to clarify how it intends to implement AVs and thus, what the expectations are for the
industry, as highlighted by Respondents 2, 5, 6, 7 and 8. This appears to be a more than reasonable
consideration. By expressing its vision on AVs, the city authority would make the work of developers
much easier and obtain a product in line with its needs. To make this happen, as Respondent 6 points
out, there is also a need for strong politicians who are able to win the favour of stakeholders and
citizens. This aspect is significant, especially if one considers that planning such as the one envisaged
will eventually reduce or complicate accessibility to private car. Therefore, an intervention aimed at
making people understand the benefits of the transition to a more sustainable transport model would
be desirable.

Public authority intervention, however, should not stop there. Indeed, the regulator should
collaborate with companies on the definition of technical standards to be met, as Respondents 1, 2
and 9 note. Once again, giving direction to the work would bring widespread benefits among city

authorities, companies and, ultimately, users. Moreover, it is also advisable that the safety of vehicles
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is proven not by the manufacturer, but by a third-party agency. In fact, as Respondent 4 noted, this
could be the biggest obstacle towards customers' acceptance.

In conclusion, in order to foster the spread of autonomous driving and enjoy the associated
benefits, a change of approach in certain aspects would be important. In particular, there should be
increased collaboration between the municipality of Gothenburg, the car companies and the local
public transport company, as suggested by Respondent 5. This consideration ties in with the discourse
on how the city wishes to implement AVs and what it wishes companies to do in this regard.

In addition, considering that technology will inexorably continue its race towards autonomous
driving and regulation already appears to be lagging behind, a catch up of the latter over the former
is necessary. To make this happen, Respondents 1, 8 and 9 hope for a closer partnership between
companies and regulatory agencies to bridge the knowledge gap that today seems to be the biggest
obstacle to the definition of a comprehensive regulatory system for the development of AVs. This
collaboration should also lead to clearer standards for communication between OEMs and consumers.
As Respondent 2 noted, in fact, some companies are already talking about fully autonomous driving,
when in fact it does not yet exist. Taking action now seems reasonable because the dissemination of
inaccurate information could mislead consumers and undermine their appreciation of AVs, and thus
the future deployment of this technology. From this point of view, the opinions of the interviewees
suggest the creation of a national organisational structure similar to that envisaged by Pettigrew et al.
(2019). In addition, however, respondents also emphasise the importance of a generalised

international consensus.

To sum up, the main insights from the Discussion of this thesis are summarized in Table 9.

Table 9: Main insights from Discussion

Theme Concept Insight

e Increased comfort leading to more time spent in cars

Traffic and e Risk of worsening congestion

Sustainability e Electric engines and alternative fuels to reduce emissions
Critical e Incentives and charges to keep traffic under control
Adoption
Points e Need to enhance safety in complex environments

e Need to prove safety in the eyes of users

e Reduced safety perceived despite fewer accidents expected with
AVs

Safety

82



Accessibility

Benefits for the elderly and people with disabilities
Preference for AVs integration with public transport

Regulation and
Liability

Regulatory aspects as main obstacle to AVs diffusion
International consensus to not limit the market

Clear distinction between supervised and unsupervised driving
Companies’ liability in very specific scenarios

Customers’ Willingness

Difficulty of understanding and relying on users’ perceptions
Enthusiasm around AVs, but need for education

Low interest in ride-sharing

Specific incentives to promote public transport and sharing
mobility

Smoothening the transition to AVs

AVs
classification
and
development

Development between advanced level 2 and initial level 3
Inadequacy of SAE classification
Clarifying liability to reduce concerns

Benefits and

Expected effects at individual and aggregate level
Proper implementation of AVs by public authorities
Cost reduction and job loss in commercial applications

challenges .
Future Technology development, affordability and system of rules as
. main challenges
Perspectives
: Transition to service provision
Business R . .
models and Inadequacy of OEMSs’ strategy with ride-sharing
. Collaboration with technology companies to develop AVs
tech companies ) : e
Robot taxi companies acquisition by car manufacturers
Ownership and Gradual availability of autonomous driving features
go-to-market Integration of AVs with public transport
strategy Increasing attractiveness and familiarity with ride-sharing
Physical planning and economic incentives
City planning Building human-friendly cities
Learning from e-scooters experience
Stakeholders’ Joint intervention of governments, municipalities and public
transport companies
Involvement Changing the P . P . .
Involving potential users in the development stage
current . . . .
Sharing expectations on AVs with the industry
approach

Jointly definition of technical standards
Bridging the knowledge gap
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6. CONCLUSION

This section is devoted to the concluding aspects of this thesis. In the first part, the researcher briefly
recalls the research problem and answers the research questions on the basis of what emerged in the
discussion of the results. Subsequently, the managerial and theoretical implications arising from the
conversations with the interviewees are highlighted. Finally, the researcher presents the main

limitations of this thesis and propose possible developments for future research.

6.1 Problem Restatement

The idea of this thesis stems from the need to fill a gap in the literature and provide a comprehensive
view on the world of AVs, taking into consideration the different perspectives on the topic. According
to many studies, in fact, AVs have the potential to disrupt the world of mobility and totally reshape
people’s travel habits. Past research focused on specific aspects from different points of view,
however, what is still missing is a thorough discussion involving all stakeholders’ instances.
Therefore, the objective of this thesis is to understand the concerns and perspectives of the main
stakeholders regarding the future implementation of self-driving vehicles in order to come up with
recommendations to successfully promote AVs diffusion. More concretely, the researcher set out to
shed light on the expected impact of the introduction of autonomous driving and the challenges facing
stakeholders, in order to detect the latest trends in this field and define the approach that could lead

to an efficient deployment of autonomous vehicles.

6.2 Answering the Research Questions

Considering what argued by the respondents of this study, it is possible to formulate an answer to the

posed research questions.

Sub-research question 1: What expected impact will the introduction of AVs have on urban mobility?

In the light of the reflections presented in the Discussion, it is clear that autonomous driving has the
potential to be a game-changer in mobility in several respects. AVs are expected to reduce the number
of accidents and enhance safety, increase accessibility to transport, decrease city traffic and offer a
more sustainable model of mobility. However, these benefits are threatened by changing user habits.
If the increased comfort, the possibility of using one's time in the car more pleasantly, and the lower
cost associated with time spent travelling lead to greater car use, the aggregate effects on traffic and
sustainability will be detrimental, rather than benign. For this reason, public intervention to regulate
autonomous driving is desirable in order to promote the most beneficial mobility model for society

as a whole and for the city.
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This is also what emerges from the experience of the city of Gothenburg with the introduction
of e-scooters. In the absence of ad hoc rules, what could have been a useful tool for city mobility
ended up generating conflicts with pedestrians and cyclists over the use of sidewalks. Therefore, the
evidence of e-scooters suggests that simply converting the fleet of vehicles to AVs is not enough. On
the contrary, it is necessary to devise a comprehensive system of rules for autonomous driving that

takes into account the needs of the society and the city.
Sub-research question 2: How should AVs be implemented to ensure the social benefits promised?

At the present time, one can imagine three implementation systems for AVs, namely integration into
public transport, ride-sharing, and privately-owned vehicles as occurs today. The first case is
undoubtedly the most desirable from the point of view of reducing city traffic, as confirmed by the
results of previous studies and the project conducted by the municipality of Gothenburg. Besides, this
is the system which users are most familiar with, thus the transition to self-driving vehicles integrated
with public transport should not be difficult. Ride-sharing, then, seems an excellent support tool that
could be of great use especially in areas where the public transport system is most lacking. At the
moment, it is still unclear how the system should work, (perhaps as a kind of first/last mile
connectivity and first step towards MaaS) and especially how willing users are to change their habits
and share rides with strangers. Finally, the current model based on individual vehicle ownership
seems to be very desirable for users, but definitely to be avoided because of the effects it could
generate at the aggregate level if not regulated in some way. Specifically, to prevent city traffic
overload, actions should be taken to increase the occupancy rate of vehicles.

Given these considerations, it seems that first public transport and then ride-sharing are the
models to prefer. This, however, is at odds with the current business model of the OEMs that still
focus on selling the car and have just embarked on the transition to providing services. Although they
are opening sharing mobility departments, the car manufacturers do not seem very determined to
proceed in this direction at the moment. Moreover, it is not clear yet what role they will play in the
future value chain. On the one hand, there is the aim to have a more direct relationship with the
customer and to pursue disintermediation. On the other hand, there is the difficulty in being
competitive along the entire value chain. For this reason, it is the task of public authorities to intervene

to support the strengthening of public transport and the promotion of ride-sharing.
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Sub-research question 3: What strategy should stakeholders pursue to successfully develop AVs?

For what concerns AVs development, collaboration between stakeholders seems to be the winning
strategy from several points of view. First of all, given the complexity of the technical challenge and
the large investments needed, it is unlikely that companies can work alone on AV development with
satisfactory results. Partnerships between OEMs and technology companies are therefore necessary,
given the expertise required in algorithms, data use, computers and sensor technology. Then,
collaboration between public authorities and industry is crucial. While planning the future shape of
the city, municipalities should share with companies their vision for the implementation of AVs
within the urban context. In this way, firms would have clearer objectives and expectations to meet,
and thus would have more precise indications on how to carry out the development of autonomous
driving. Collaboration between the public and private sectors is also desirable from the point of view
of regulation, one of the areas most in need of intervention. In this sense, the aim is to bridge the
knowledge gap and jointly define the standards that vehicles must meet in terms of safety and
reliability. Furthermore, to facilitate companies’ development activities and trials, an international
consensus between governments and regulatory agencies is needed so as not to restrict the market for
AVs. Finally, as mentioned above, end users must also be included in the AV development process.
Indeed, public engagement is essential both to clarify customers' expectations on the industry and to
make users more familiar with autonomous driving, thus increasing their confidence in the

technology.

Main research question: What are the main perspectives and concerns of key stakeholders about the

implementation and future deployment of autonomous vehicles?

To begin with, it should be made clear that several car models with autonomous driving
capabilities are currently available, but fully automated vehicles have not yet been developed. The
transition towards autonomous driving will be gradual, and autonomous driving features that are
initially present in premium cars will progressively become available in standard versions. Due to the
current limited deployment of AVs, it is complicated to have a well-defined opinion on this
technology. For the same reason, several stakeholders consider it premature to pose the question of
customers' acceptance. Nevertheless, particularly for the reasons given above, it seems important to
involve also future users in the discussion regarding the development of AVs.

Respondents highlighted that their main concerns involve technology development and
regulatory frameworks. Despite a widespread optimism among experts and potential users, it is good
to notice that there is no guarantee that fully autonomous driving will ever hit the road. However,

autonomous driving features are likely to become more and more sophisticated in the years to come,
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thus posing the conditions for a revolution in the mobility sector. For this reason, it is of paramount
importance to be prepared to accommodate the arrival of AVs with a specific set of rules aimed at
disciplining their usage. As said before, the technology is not ready, but regulation is even behind.
Therefore, governmental efforts should be addressed to jointly outline a regulatory framework and
define uniform legal standards. With this respect, attention should be paid to defining safety
requirements and eliminating liability issues. Moreover, in order to encourage a more sustainable use
of AVs, attention should also be paid to defining specific measures to promote the use of public
transport and ride-sharing.

Ultimately, however, what appears to be the most complex challenge to be faced concerns the
creation of a system that can accompany people as smoothly as possible towards the new mobility
model. To make this happen, the active collaboration of all actors (car manufacturers, tech companies,
municipalities, government, public transport organisations, end-users) is necessary. Parallel to
technological development, in fact, the various stakeholders involved have to clarify the issue of
liability, work out a set of incentives to discourage individual car use, establish and meet safety
standards, outline the possible new business model for car manufacturers, define the new role of those
who will lose their jobs such as drivers, and gain user acceptance. All this will have to happen
simultaneously so that every element of the system will be ready as soon as the AVs are available, so

as not to cause negative effects on the city or society, nor limit the autonomous driving market.

6.3 Managerial implications

Given what emerged from the discussion of the findings, it is now possible to define a number of
initiatives that stakeholders could implement to foster the deployment of AVs. With respect to
technology development, the efforts of OEMs and technology companies should focus on extending
the operational design domain (ODD), thereby increasing the area in which AVs are considered
reliable and secure. This step is vital to create a market for this technology. To succeed in this
endeavour, the field in which the greatest improvements should be made is machine learning, since
it is not yet able to generalise well enough. In particular, technology research should focus on finding
a way to deal with the multiple events that might occur on the road. Moreover, it would be important
to have real-time maps and information systems to which all vehicles can contribute and have access.
In particular, it would be optimal if a central public authority were in charge of building and managing
this system, avoiding the need for each manufacturer to develop its own.

From the point of view of the implementation model of AVs, considering the benefits of large-

scale use of public transport and ride-sharing, the public authority should push for sharing mobility.
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For example, higher parking fees and congestion charging could be introduced to make sharing
mobility more efficient and cost-effective than private car ownership.

On the regulatory side, governments should collaborate internationally to provide a level
playing field so that companies can work on the development of autonomous driving with the
certainty that their achievements will be applicable everywhere. For fairly obvious reasons, this would
give a great boost to the development activity. To conclude, since fully automated vehicles are still a
long way off and it is not yet clear how potential users will interact with them, it is crucial to involve

costumers at every stage of the development process.

6.4 Theoretical implications

As already mentioned, there have only been glimpses of autonomous driving, but no one yet has a
clear idea of what the experience of travelling in a fully automated vehicle will be like. Considering
the importance of consumers’ opinions regarding the deployment of a new technology, researchers
should focus on understanding the perceived usefulness and ease of use of potential customers in
relation to AVs. This would provide a clearer indication of people's propensity to engage with this
new technology with which they are unfamiliar.

Moreover, as already noted in section 2.1 (Theoretical Background), understanding the
psychological process behind the adoption of a new technology allows companies to divide the
market into different segments according to the propensity to interact with that technology. When
AVs gain a foothold in the market, this information could be decisive for firms to identify the existing
chasm between early adopters and early majority and to decide whether and when to intensify the
effort and investment to promote AVs.

With this regard, this thesis contributes to the research in the field offering some interesting
insights on people’s perceptions on AVs. In particular, consumers show a high level of perceived
usefulness and relate it to time savings and increased facility in meeting their transportation needs. In
addition, one of the main obstacles to autonomous driving diffusion is related to perceptions on safety.
Indeed, although users expect that AVs will reduce the number of accidents on the road, nevertheless
they feel unsafe when travelling in a self-driving car. Moreover, based on expert opinions, this
research clarifies the kind of approach to be adopted to successfully deploy AVs. With this respect,
actors should be involved in a collaborative ecosystem in order to address the challenge of

autonomous driving from a multi-level perspective.
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6.5 Limitations and Future research

Considering the research process for this thesis, some limitations can be highlighted. First, the people
interviewed by the researcher were chosen in order to represent the category of stakeholders to which
they belong. However, having often interviewed only one person per stakeholder group due also to
time constraints, the researcher may have been misled by the biases of the interviewees. To reduce
this risk and have more objective results, future research should attempt to define the views of a
stakeholder category (e.g., car manufacturers) by interviewing more people belonging to the same
category.

For what concerns the opinions of future customers, the results of the thesis are based on a
survey of 118 respondents. To obtain more reliable results, it would be beneficial to extend the
sample. Furthermore, as already pointed out above, the sample consists mostly of people under 50
years of age. This choice is also dictated by the fact that AVs will not be available for a number of
years yet, so it seems reasonable to try to get more responses from younger people. However, if more
representative answers were to be obtained from the whole population, the experiment would have to
be repeated with a more age-balanced sample.

Beyond the composition of the sample, the real problem in listening to the impressions of
future consumers lies in the fact that autonomous driving technology is not yet widespread. Therefore,
future research should consult users' opinions again when many more people have had an experience
of travelling with AVs.

In addition, as previously reported, the increase in vehicle occupancy rates and the spread of
sharing mobility are two necessary conditions for enjoying the social benefits promised by AVs. From
this point of view, however, it is not yet clear how willing users are to switch from the traditional
transport model, based on individual vehicle ownership, to sharing mobility. In particular, research
needs to find out whether there are different adoption factors for the use of traditional ride-sharing
and shared autonomous vehicles (SAVs). Furthermore, it is still to be understood whether differences
between consumers exist on a geographical level. Therefore, it is advisable that future research focus
in these directions. By doing so, valuable indications could be obtained for municipalities that will
have to work in order to increase acceptance for sharing mobility among the population.

Furthermore, when talking about initiatives to be taken by public authorities to foster the
successful implementation of AVs, reference is made to various instruments to promote the spread of
sharing mobility. However, it is still unclear what effect these measures would have on customers'
willingness to ride share. Consequently, future research should investigate this aspect in more detail
in order to define which instruments would be most effective and under which conditions they should

be implemented.
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Finally, the entire study was conducted in the city of Gothenburg. This factor may have
influenced the results, which, therefore, might have a limited degree of generalisability, although this
was not among the main aims of this thesis, as specified above. Moreover, being based on the
researcher’s interpretation, the discussion of the results has a certain degree of subjectivity. However,
by being able to consult the results of the past studies reported, as well as the opinions of respondents
and survey participants, the reader is left to decide whether the conclusions of this thesis follow a

logical thread without any conditioning or rather are influenced by researcher’s biases.
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Appendix A — Mail to potential respondents

Hereafter is shown the message that was sent to contact potential respondents.

Dear Mr/Ms X,

I am Paolo Concetti, a double degree student of Innovation and Industrial Management at the
University of Gothenburg. I am contacting you because I am writing my Master’s thesis with the
help of First To Know Scandinavia and, in particular, Per Ostling. Specifically, my research aims
at exploring the stakeholders’ perspectives and concerns about the future implementation of
autonomous vehicles.

Hence, I would kindly ask you if you are available for an interview in the coming days or weeks.
In addition, if you have any other contacts to suggest for my research, I would be grateful if you
could provide them.

I hope to hear from you soon and thank you for your time.

Kind regards,

Paolo Concetti
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Appendix B — Interview Guide

Before the beginning of the interview, the researcher makes some premises to the interviewee.
Premises:

e Presentation of the interviewer and the aim of the research.

e Ask for permission to record the interview specifying that it will be used only for academic
purposes and it will not be shared.

e Introduction of the broad topic of the interview.

e Explanation of the structure of the interview.

e Clarification of possible doubts from the interviewee.
Topic introduction:

Autonomous driving systems may revolutionize the world of mobility, however there are several
challenges to be addressed before autonomous vehicles (AVs) can hit the road. Beyond technical
aspects, the introduction of AVs has generated concerns related to their impact on safety, pollution,
users’ acceptance, liability, ethics, cybersecurity and privacy. Additionally, stakeholders have
contrasting interests regarding how AVs should be implemented. Therefore, a comprehensive
discussion with all key players seems to be necessary in order to prepare society for what has been

defined the next big thing in mobility.

Interview Questions

Hereafter are shown the questions made to the respondents of this research. It is important to specify

that:

e The following list does not include all the questions made since, as previously clarified, the
research is based on semi-structure interviews. Hence, some follow-up questions are
developed during the course of the conversation.

e Not all of the questions listed below are asked to each interviewee. Sometimes they are

omitted when not relevant for the background of the respondent.
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TOPIC QUESTIONS

1) What is your name and role?

Introductory questions . . . .
A 2) What is your experience with autonomous vehicles?

3) What is the state of art of autonomous vehicles

General perspectives on development at your organization?

AVs 4) What are the perspectives of your organization regarding
autonomous vehicles in the next 5-10 years?

5) What impact do you expect autonomous cars to have on
mobility?

6) Which role will car manufacturers have in the future of
autonomous vehicles? Will they maintain the same
business model or should they adjust it?

7) What kind of capabilities will companies need to succeed
in the autonomous vehicles market?

8) Today, many automotive companies are investing in
autonomous vehicles’ development. The same goes for
tech companies. From this point of view, they can be
regarded as competitors. Competition or partnerships,
which will lead to the future of mobility?

AVs impact

9) What is your biggest concern about the future diffusion of
autonomous cars?

10) Are you concerned about customers’ willingness to use
autonomous vehicles? What is your organization doing to
increase customers’ willingness or what should it do?

11) Are there any market segments to be addressed first?

12) Regulation, liability, cybersecurity and privacy. What is
the main obstacle to autonomous vehicles’
implementation? How should it be addressed?

13) Autonomous vehicles are expected to provide a more
sustainable model for mobility under certain conditions.
What is your perspective about it?

AVs pro and cons
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14) What is the role of public authorities in this field? What do
you expect from them in order to foster the diffusion of
autonomous vehicles?

15) There are several stakeholders interested in the deployment
of autonomous vehicles (car manufacturers, governments,
tech companies, regulators, potential users). How should

Stakeholders’ role they behave to ensure the successful implementation of
autonomous vehicles?

16) Is there anything you would like to change in the approach
that private or public organizations are using to develop
autonomous vehicles?

17) How should cities be modified to accommodate
autonomous vehicles?

18)Is th thing el 1d like t ?
Conclusive questions 8) Is there anything else you would like to add
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Appendix C — Table of Coding

First-order concept Second-order concept Aggregate theme

e Making life easier for who has

no access to car ACCGSSibﬂity

e Companies prefer drivers to be
liable

Liability
e Switch of responsibility
e Current regulation does not
take differences into
consideration
e Current state of regulation
e International consensus Regulation
e Organization responsible for
regulation
e Regulating mixed traffic is
challenging
e Accidents with different levels Critical AdOpthl’l Points
of technology
e Crucial to market AVs Safety

e Mixed traffic
e Reducing the number of
accidents

e Decreased emissions with

electric engines Sustainability
e Still pollution with AVs

e Accidents generate congestion

e  Cheaper cost of driving

e Incentives and regulation to
reduce congestion Traffic

e Increased traffic with AVs

e Integration with public
transport

Listening to customers’ needs
People will not share
Protests against AVs development Customers Willingness
User experience should not change
Willingness to try AVs
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SAE levels are not appropriate
Unsupervised driving

AVs classification

AVs development

Potential of simplifying life
Rural areas

Solving problems of lack of
drivers

Spending time as you prefer

Benefits from AVs

Car companies as service
providers

Car companies want to be part
of AVs market

Change of business model is
not determined by AVs
Companies are not pushing for
sharing mobility

Maas

Other actors

Business models for car
manufacturers

Capabilities needed to succeed
Collaboration
Competition

Car manufacturers and
tech companies

Affordability

Expanding the ODD

Issues for drivers

Limits of autonomous driving
Need for a comprehensive
system

Technical challenge

Challenges in
implementing AVs

Companies thought AVs would
arrive sooner

First on high-end market, then
mass market

Go-to-market strategy

Implementing ride-sharing
Incentives to shift from private
ownership to sharing

Increase vehicle occupancy rate
Integration with public
transport

Ownership model

Future Perspectives
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Changing the current approach

Autonomous public transport
should be more attractive than
private AVs

AVs should be implemented in
established systems

Creating a city for pedestrians,
bikers and public transport
Current planning is not
appropriate for AVs City planning
Future planning

Governments should provide a
comprehensive information
system

Learning from e-scooters
Need for rules

Planning should start today
Reducing car ownership

Stakeholders Involvement

Cities should play a central role
City authorities should be clear
on their vision on AVs
Educating public on AVs
Including users in the process
Need for involving every actor
No organization can succeed on
its own

Collaboration

Projects with municipalities
and governments

Working together on regulatory
landscape

Need for strong politicians
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Appendix D — Survey Results

Q1 — Gender
Field Choice Count
1 Male 62
2 Female 56
3 Other o
118
Q2 - Age
f Field Choice Count
1 18 - 35 65
2 36-50 30
3 51-65 17
4 65 + 6
118
Q3 — Which mode of commute do you usually use?
# Field Choice Count
1 Car 71
2 Public transport 35
3 Waling/Biking 12

118

Q4 — Do you have a valid driving licence?

! Field Choice Count
1 Yes 105
2 No 13

118
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Q5 -

Q6 -

1

2

Do you currently own or lease a car?

Field Choice Count
Yes 85
No 33

118

How often do you usually use the car?
Field Choice Count

Almost never 22

A few days a month 23
A few day a week 34
Every day 30
118
Q7 — Have you ever heard about autonomous vehicles?
Field Choice Count
Yes 103
No 14
Don't know 1
118
Q8 — What is your general opinion about autonomous vehicles?
Field Choice Count
Negative 20
Neutral 73
Positive 25

3
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Q9 — Autonomous vehicles will make me feel safer

Field Choice Count
Strongly disagree 13
Somewhat disagree 40
Meither dagre or disagree 32
Somewhat agree 30
Strongly agree 3
118

Q10 — Autonomous vehicles will reduce accidents

Field Choice Count
Strongly disagree 7
Somewhat disagree 24
Neither agree or disagree 3
Somewhat agree 51
Strongly agree 5
118

— I am concerned about liability issues in using autonomous vehicles

Field Choice Count
Strongly disagree 2
Somewhat disagree 9
Meither agree or disagree 25
Somewhat agree 51
Strongly agree 31
118

Q12 — I am concerned about data privacy of autonomous vehicles

Field Choice Count
Strongly disagree 13
Somewhat disagree 23
Neither agree or disagree 22
Somewhat agree 3z
Strengly agree 28
118
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Q13 - Autonomous vehicles will make life easier for children, elderly and people with disabilities

4

Field

Strongly disagree

Somewhat disagree

MNeither agree or disagree

Somewhat agree

Strongly agree

Choice Count

19

27

22

118

Q14 - Likelihood of using autonomous vehicles when they will be available on the market

Q15 - Favourite mode of using autonomous vehicles

1

2

Q16 - Interactions with autonomous vehicles will be clear for me

Field

Nat at all likely

Somewhat unlikely

Neither likely or unlikely

Somewhat likely

Extremely likely

Mot interested at

Field

= all
Individually-owned car 18
Ride-sharing 22

Integrated with public
transport

16

Field

Strongly disagree

Somewhat disagree

Meither agree or disagree

Somewhat agree

Strongly agree

Barely
interested

26

33

10

Somewhat
interested

23

24

32

Quite
interested
34
33
37

Extremely
interested

17

23

Choice Count
10
28
31
35
14

118

Total

118

118

118

Choice Count

19

36
14

118
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Q17 - Learning how to use autonomous vehicles will be easy for me

# Field

1 Strongly disagree

2 Somewhat disagree

3 MNeither agree or disagree
4  Somewhat agree

5  Strongly agree

Q18 - Autonomous vehicles will make me save time
#  Field
1 Strongly disagree
2 Somewhat disagree
3 Neither agree or disagree
4  Somewhat agree

5  Strongly agree

Q19 - Autonomous vehicles will help me in meeting my transportation needs

# Field

1  Strongly disagree

2 Somewhat disagree

3 Neither agree or disagree

4  Somewhat agree

5  Strongly agree

Choice Count

17

58

32

118

Chwice Count

10

20

38

35

15

118

Choice Count

12
18
34
36
18

118
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EXECUTIVE SUMMARY

Introduction

Nowadays, the world of mobility may be on the verge of a real revolution driven by the introduction
of autonomous driving systems (Fagnant & Kockelman, 2015). In order to understand the future

developments of such technology, this study aims at addressing the following research question:

RQ: What are the main perspectives and concerns of key stakeholders about the implementation and

future deployment of autonomous vehicles?

Today, autonomous vehicles (AVs) promise to be a game changer by significantly improving several
aspects of how people travel. In particular, they are expected to decrease the number of accidents and
congestion on the road, reduce emissions, provide a sustainable and efficient model for mobility and
increase accessibility for the elderly, children and people with disabilities. On the other hand,
concerns about AVs involve ethical issues, the attribution of liability, privacy and cybersecurity.

In the light of the above, the complexity of the subject requires an exhaustive discussion that
takes into account all factors involved. In fact, the announced positive effects will only be realised if
AVs are introduced in the way that society as a whole hopes, while ensuring sustainability and
accessibility (Sprei, 2018). Many researchers conducted studies on the impact of AVs by looking at
the matter from different perspectives and focusing on specific aspects. However, a comprehensive
understanding of different key stakeholders’ opinions about AV implementation is still missing. Thus,
the objective of this research is to examine their point of view in order to develop a system which is
able to provide the social benefits promised by AVs, while minimizing their weaknesses.

In view of the breadth of the topic, the main research question is broken down into three sub-

research questions, which are as follows:

SRQ 1: What expected impact will the introduction of AVs have on urban mobility?
SRQ 2: How should AVs be implemented to ensure the social benefits promised?

SRQ 3: What strategy should stakeholders pursue to successfully develop AVs?

Specifically, the categories of stakeholders who are the most affected by the issue and who
are the focus of this study are the following: car manufacturers and suppliers, since they are
responsible for business models and technology development; municipalities and governments,
because they are in charge of legal issues and decide about city infrastructure; potential users, because

their point of view may guide the development of AVs (Stromberg et al., 2021).
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Literature Review

Theoretical Background

In the past, many studies have focused on explaining the diffusion of an innovation among users. Not
all innovations are equal and can spread at the same pace. However, what remains unchanged is the
importance of potential user perceptions for the success of a new product on the market (Rogers,
2010). In general, the diffusion of an innovation depends on five characteristics: relative advantage,
compatibility, complexity, trialability and observability. Relative advantage corresponds to the extent
to which a new product is perceived as better than the existing one. Compatibility is the degree to
which an innovation is in line with past experience, values and user needs. Complexity indicates the
effort required by the consumer to understand and learn to use an innovation. Trialability is the level
at which an innovation can be tested before finally adopting it. Observability is the degree to which
the effects of an innovation are visible to others. The greater the relative advantage, compatibility,
trialability and observability and the lower the complexity, the faster the innovation spreads in the
market (Rogers, 2010).

Among the many models developed to predict the user adoption of technology, one of the
most cited is the technology acceptance model or TAM (Davis, 1989). Originally, this model was
developed to understand people's intention to adopt new technologies in the workplace. In particular,
TAM argues that user acceptance of a new information system depends on the intention to use a
system which in-turn is influenced by perceived usefulness and perceived ease of use. Subsequently,
the research focus shifted to the field of marketing. Since TAM does not take into account the
psychological differences between users, it was extended and integrated with the technology
readiness (TR) model to predict consumers’ choice to use e-services (Lin et al., 2007). TR indicates
the extent to which people are inclined to make use of new technologies to achieve their goals in life
at home and at work. The integration of TAM with TR gives birth to the technology readiness and
acceptance model (TRAM). This model shifts the focus on consumers based on the assumption that
the propensity to adopt a technology is an individual-specific feature. TRAM shows the complex
psychological process in evaluating the adoption of an innovation. The support of TR allows for an
adequate market segmentation. Therefore, TRAM is helpful especially when it is impractical to make
consumers try out the technology before they decide to adopt it (Lin et al., 2007).

Considering the impact that AVs may have on future mobility, it is interesting to mention
another theory, that is the innovation ecosystem framework. According to the most used definition,
the innovation ecosystem is described as “the collaborative arrangements through which firms
combine their individual offerings into a coherent, customer-facing solution” (Adner, 2006). Such an

ecosystem enables companies to create value that no single firm could have created on its own. As
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explained by Adner (2006), these systems lead to widespread benefits, for example platform
leadership, keystone strategies, open innovation and value networks. However, in addition they bring
some risks related to timing, resource allocation and risk assessment due to the high level of
dependence on external actors. The idea of collaboration, thus, is inherent in the conceptualization of

innovation ecosystems (Granstrand & Holgersson, 2020).

Critical Adoption Points for Autonomous Vehicles

To achieve the transformation prospected by AVs, the main challenge is to bridge the gap through
having a matured technology and community to accept such smart solutions (Campbell et al., 2010).
On the one hand, as mentioned above, users’ perceptions play a key role since they are a reliable
predictor of innovation adoption. Moreover, consumer impressions may influence the future
characteristics of the new technology, especially if it is still under development. On the other hand,
there is a broad set of players involved in paving the way for autonomous driving systems. In this
respect, the development of AVs could lead to the emergence of interrelated and conflicting interests
among different stakeholders. From one perspective, for example, car manufacturers may be oriented
towards sales and profit maximisation even though this is not in line with social benefits (Hensher,
2018). Consequently, they are likely to work for the model of AVs based on individual ownership to
dominate the market because this most closely resembles their current business model. However, this
would come up against the optimal implementation of AVs from a road congestion point of view
(Lavieri et al., 2017). On the contrary, shared autonomous vehicles (SAVs) would be preferred by
public authorities for their potential to reduce traffic, ensure greater accessibility, reduce parking
space and lower the cost per passenger kilometre (Krueger et al., 2016; Lavieri et al., 2017).

Moreover, these two models have different implications on the infrastructure side (Bansal et
al., 2016). For example, an increased deployment of private AVs will require action to provide an
adequate number of parking spaces especially in cities and to develop a payment mechanism to handle
the increased traffic. Conversely, a massive adoption of SAVs would create the need to design
communities around common pick-up points. In light of the above, it seems plausible to assume that
it is in the interest of governments to promote the adoption of the sharing model at the expense of the
private ownership model (Krueger et al., 2016; Haboucha et al., 2017).

Previous research has identified and explored several challenges in the implementation of
AVs. The main concerns are not only related to technical aspects, but also to other themes that are
crucial for the proper deployment of AVs. For instance, several studies have focused on insurance
and liability issues, physical and digital infrastructure, and the development of the right regulatory

scheme (Pettigrew & Cronin, 2019). In particular, according to McKinsey (2021), regulation is
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regarded as the main bottleneck towards the diffusion of AVs. In order to handle these issues
appropriately, there is a need for the involvement of all key stakeholders and, with this respect,
Pettigrew et al. (2019) suggest the creation of national organisational structures that combine public
and private sector instances.

The interest around autonomous vehicles stems from a number of potential benefits that may
follow the wide implementation of autonomous driving systems. However, the large-scale
deployment of AVs could also have detrimental effects on society depending on the way they are
introduced. Past research has identified some critical adoption points for autonomous driving systems
that may influence the future diffusion of AVs. Specifically, these factors relate to the impact of self-
driving cars on traffic congestion, pollution, safety, accessibility, parking, ethics and liability, privacy

and cybersecurity.

Shared Autonomous Vehicles

As mentioned earlier, one of the biggest changes promised by AVs concerns vehicle ownership. In
the past, several studies have shown that one AV is capable of performing the same service as a
considerable number of conventional vehicles, especially when it is used in a shared transportation
mode (Montgomery et al., 2018). This is the result of the higher utilisation rate of the AV, which can
increase from 5% (Martinez & Crist, 2015) to 75% (Fagnant & Kockelman, 2014).

Understanding which business model is most appropriate is vital for the future of AVs. In this
regard, Chesbrough (2010) argues that technology in itself does not generate value. What really
makes the difference is how it is marketed through a business model. Indeed, applying different
business models to the same technology is likely to produce different results.

At the moment, there are two ways of using AVs, namely individual ownership (e.g., Tesla
cars) and ridesharing or SAVs (e.g., Uber and Waymo). However, hybrid models such as 'first/last-
mile connectivity' systems, in which the SAV transports passengers to and from public transport
stops, cannot be excluded (Bosch et al., 2018). In this case, SAVs could be the first step towards
'Mobility as a service' (MaaS), namely a system based on automated trip planning in which the various
forms of transport are synchronised in such a way as to optimise the travel experience (Jittrapirom et
al., 2017).

With this respect, several studies focused on understanding how willing passengers are to
share their trips with strangers. According to the U.S. National Household Travel Survey, the average
vehicle occupancy in 2017 equals to 1.67 (McGuckin & Fucci, 2018) and this value has remained
stable along the past decade (Shaheen, 2018). As the era of AVs approaches, the lack of popularity

associated with ride-sharing could become detrimental. In fact, if vehicles are able to travel alone, the
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vehicle occupancy rate could still decrease. In this regard, Levin et al. (2017) argue that ride-sharing
is crucial so that the introduction of AVs does not result in increased traffic.

Time and money savings are commonly identified as the main motivations for making use of
a ridesharing scheme (Merat et al., 2017; Morales Sarriera et al., 2017). Beyond these considerations,
there are also psychosocial aspects to be taken into account regarding individual engagement in
pooling (Amirkiaee and Evangelopoulos, 2018). In particular, acceptance to travel with strangers
plays a crucial role in the adoption of ride-sharing. Several studies claim that people are hesitant to
share a trip with strangers. The main reasons for this tendency lie in the lack of trust, desire for
personal space, privacy and safety concerns and aversion to social situations (Tahmasseby et al.,
2016; Morales Sarriera et al., 2017; Amirkiace & Evangelopoulos, 2018).

There is a long list of studies that have focused on people's participation in existing ride-
sharing schemes. However, little research has investigated the future adoption of SAVs. Considering,
the similarities between conventional pooling and SAVs, the factors for and against the adoption of
the two models might be similar, but with some differences. For example, the absence of a driver
could have mixed effects. According to Bosch et al. (2018), it may lead to a reduction in operating
costs and thus a lower burden of monetary considerations. According to Merat et al. (2017),
passengers might be more concerned about sharing a car with strangers in the absence of a driver.

Understanding how quickly people will adopt AVs is of paramount importance. Indeed, the
speed of deployment of autonomous driving systems, together with the type of vehicle that will
dominate the market, will determine the success or failure of their introduction (Bansal et al., 2016).
Moreover, Duranton (2016) points out that most of the benefits in terms of increased safety and

reduced traffic will occur when most or all vehicles are autonomous and connected.
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Methodology

Research Strategy

This thesis is based on a qualitative research strategy and the scope of the study is not limited at
testing existing theories. On the contrary, it intends to answer the research question through an

explorative process.

Research Design

Since this study intends to show the different perspectives of the stakeholders involved in the
implementation of AVs, the research is based on an embedded case study design (Yin, 2009). The
reason for that lies in the fact that the study intends to explore the development of AVs in the city of
Gothenburg through the perspectives of several stakeholders.

Primary Data

All information contained in Chapter 4 (Results) is to be understood as primary data. The data are
obtained by conducting 9 individual semi-structured interviews with representatives of the different
categories of stakeholders affected by the introduction of AVs. Moreover, a survey is administered
to potential users to understand their willingness to use AVs. It is composed by 19 multiple-choice
questions and divided into four sections: introductory questions, familiarity with AVs, critical

adoption points for AVs and perceptions on AVs.

Secondary Data

The researcher conducted a literature review with a narrative approach. For the purposes of this thesis,
previous articles were selected from relevant peer-reviewed journals through the use of the Scopus
and Google Scholar platforms. To better focus the search and select relevant studies to the research
question of this thesis, the following keywords were used: Autonomous Vehicles, Autonomous
Vehicles Adoption, Technology Adoption Theory, Shared Autonomous Vehicles, Autonomous
Vehicles Stakeholders.

Sampling and Respondent Selection

For the purposes of this thesis, the sample for the study is outlined through a purposive sampling
method. In particular, participants are considered eligible to participate in the research if they meet
predetermined requirements, above all having gained significant experience in the field of AVs or
mobility. Moreover, when contacting experts, the researcher asked them for suggestions about other

people to include in the research. Hence, a snowball sampling technique was used as well.
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Data Analysis

For this study, the interviews are analysed according to a general qualitative coding procedure.

Specifically, each concept perceived as relevant is associated with a code. Subsequently, initial codes

are grouped into broader categories by making logical associations that allow for a deeper awareness

of the contents. Finally, the headings obtained in this way are gathered into even larger dimensions

to capture the essence of the respondent's point of view. In addition to summarising the results of the

interviews, the codes derived from the analysis of the results are used for the Discussion (Chapter 5).

In particular, what emerged from the interviews is compared with the literature to see whether

empirical findings are in line or in contrast with previous studies. In order to facilitate this comparison

and to group the respondents' insights based on the topic, the discussion is structured according to the

result of the thematic analysis conducted on the interviews.

List of experts and organizations interviewed

Respondent Date Organization Role

1 10/03/2023 Volvo Cars Head of Strategy and Business for ADAS
2 13/03/2023 Kognic CEO

3 14/03/2023 Drive Sweden Smart and Sustainable Mobility Expert

4 5/04/2023 | Chalmers University Ezzzir;};e;}il‘;::;yg;?sion

5 6/04/2023 Goteborgs Stad Urban Planning Manager

6 12/04/2023 ;Z:e‘:ffh%;’:t ‘l’l‘tl;nental Sustainable Mobility Expert

R T e Tt s o
8 20/04/2023 Volvo Penta Technology Collaboration Manager

9 27/04/2023 Vinnova Program Director
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Results & Discussion

The results of the interviews are organized by respondent to preserve their point of view and let the

reader understand the perspective of each category of stakeholder. The main insights from the experts

interviewed are summarized in this table.

Main insights from interviews with experts

Source Insight
Increased safety to achieve zero-collision mission
Coexistence of traditional and innovative business models
Respondent 1 S : . .
Distinction between supervised and unsupervised driving
Complexity of expanding the ODD
Lack of viable business model for Level 4 companies
Respondent 2 . .
Level playing field in the development stage
Necessity of sharing mobility for AVs
Respondent 3 Collaboration as key to success
Setting rules before AVs are available
Distinction between individual and aggregate level
Respondent 4 Integration with public transport
Public education to build trust
Importance of having a city perspective
Respondent 5 Need for specific rules
Cruciality of public transport
Incentives to control traffic and promote sharing mobility
Respondent 6 Sharing AVs vision with the industry
Planning areas for pedestrians, cyclists and public transport
Partnerships to develop AVs
Respondent 7 Disintermediation in the automotive industry
Need for an international consensus on regulation
Service-driven business model
Respondent 8 Collaboration to develop autonomous driving technology
Real-time maps from governments
Psychological barrier for users
Respondent 9 Complexity of being competitive on the whole value chain for OEMs
Collaboration to develop AV technology and public demonstrations

On the other hand, the discussion of the results is based on the four themes emerging from the data

analysis which are: critical adoption points, customer willingness, future perspectives and

stakeholders involvement.
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Critical Adoption Points

Traffic and sustainability: At the individual level, people might spend more time in the car

and make longer trips. On an aggregate level, this would obviously increase road traffic, instead of
reducing it, and increase the kilometres travelled per vehicle. Therefore, simply making a fleet of
vehicles autonomous creates more problems than it solves. From the point of view of sustainability,
on the other hand, increasing the number of kilometres travelled is not expected to have a major
impact since AVs are expected to be powered by electric motors and alternative fuels. On the contrary,
AVs are expected to contribute to the reduction of emissions from the transport sector. Given this
premises, Othman (2022) emphasises the importance of regulating the use of AVs. In this regard, a
system of incentives and charges would be desirable to prevent the increase in traffic and make the
transport system more sustainable. For example, the kilometre-based taxation and parking fees
suggested by Respondent 6 seem feasible solutions to manage traffic, especially in cities.

Safety: In the case of Volvo Cars, then, the development of autonomous driving is seen from
the specific perspective of increasing safety to achieve the company's zero-collisions mission.
Specifically, the next challenges appear to be twofold: on the one hand, demonstrating the safety of
AVs even in the most complex environments where autonomous and human driving coexist. On the
other hand, proving the safety of AVs in the eyes of potential users. In this regard, it is interesting to
note that according to Casley et al. (2013), the survey participants of this research, and Respondents
1,3 and 9, AVs will be able to reduce the number of accidents on the road. In spite of this, as also
noted by Deb et al. (2017), the majority of survey participants state that they do not feel safe driving
an AV. To overcome this mistrust, since the intention to use is influenced by the perception of safety
before actual use (Moody et al., 2020), it is essential to involve future potential users in the trials.

Accessibility: Just as emphasised by Pettigrew and Cronin (2019), Respondents 1 and 4 state
that increased accessibility is one of the major social benefits of AVs. However, the perspective of a
private ownership model entails a higher initial purchase cost. This may make it more difficult for
the elderly to use autonomous driving. Therefore, from this point of view, it would be desirable for
governments to promote a shared mobility model, based on the integration of AVs with public
transport or ride-sharing.

Regulation and liability: According to McKinsey (2021), Respondent 8 and the results of the

survey, regulatory aspects are the biggest obstacle to the large-scale implementation of autonomous
driving. In particular, Riehl (2018) argues that there is a need for an entirely new legal framework to
define who is liable in the case of traffic accidents. In this regard, then, Respondents 1, 2, 3, 7 and 8
state the absolute need for an international consensus on the subject. This consideration seems
reasonable since in the absence of uniform legal standards, the market for AVs would be highly
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restricted and penalised. Although Respondent 1 states that a clear distinction must be made between
supervised and unsupervised driving, so that the driver is aware of whether or not he or she is
responsible, it is clear that it will take years before a comprehensive and agreed regulatory framework
can be achieved. In light of the above, the integration of autonomous driving into public transport
could instead be faster and smoother. If only because specific lanes may be dedicated to public
transport, such as trams and trains, as suggested by Respondent 9. This would give time to find a
solution to the regulation of mixed traffic, a very complex challenge according to Respondent 6, and

allow technology to move forward, make cars safer and reduce liability concerns.

Customer Willingness

Understanding customers' views on the use of AVs is complicated. Indeed, the arrival of fully
autonomous driving is yet to come and it is no coincidence that consumers do not have a clear idea
about AVs. This leads one to think that action is needed to educate the public about autonomous
driving and the benefits it may bring to society. Nevertheless, the empirical findings of this study
already show a clear interest in the world of autonomous driving. Regarding how AVs should be
implemented, participants show a low level of preference for ride-sharing compared to the private
ownership model and the use of public transport. In light of the importance of ride-sharing and the
initial mistrust of the public, the researcher agrees on Respondent 6's suggestion to introduce special
incentives to reduce the use of AVs in private form and promote ride-sharing. This aim seems easier
to achieve in business rather than leisure travel. Indeed, Lavieri and Bath (2019) show how users are
more likely to share the ride with strangers when travelling to work, but less likely when travelling
in their free time. This indication could be of great help for future city planning, considering that it is

precisely work-related trips that overload city traffic during rush hour.

Future Perspectives

AVs classification and development: Regarding the SAE classification, Respondent 2 points

out that this categorisation is rather useless, if not harmful, at least in the eyes of users. Indeed, the
differentiation between vehicle characteristics may be useful for manufacturers or regulators, but it
ends up generating confusion among consumers. As also suggested by Respondent 1, what really
matters is the distinction between supervised and unsupervised driving, i.e., when the responsibility
for the actions of the vehicle lies with the driver or with the car.

Benefits and challenges in implementing AVs: Respondents 1, 3, 4, 8 and 9 agree on the idea

that the main benefit that each user of AVs will enjoy will be the possibility of using the time spent
in the car in a more productive or pleasant way. This positive impact could reduce the cost associated

with travel, as noted by Berg & Verhoef (2016), and change users' travel habits, with potentially
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negative consequences from a social point of view. For this reason, public authority intervention is
desirable in order to preserve the positive effects of AVs by incentivising the proper implementation
of AVs. Continuing on the side of challenges, most Respondents focus on the technological aspect.
In particular, Respondents 1 and 2 state that the major difficulty lies in obtaining reliability even in a
general ODD in order to have a reasonable return on investment. While Respondents 1, 5, 7 and 9
say they are optimistic, even though it will take time to master the technology, Respondent 2 is more
cautious because, from his point of view, there is no guarantee that fully autonomous driving will
ever hit the road. Another serious concern involves the need to develop a system of specific rules for
AVs to prevent their uncontrolled use from having detrimental effects on traffic, the environment and
society. Not surprisingly, Respondent 3 argues that the biggest challenge will be to put AVs into a
greater system and make sure that each of its components are ready at the same time.

Business model for car manufacturers and relationship with tech companies: Regarding the

business model for car manufacturers, the switch to service provision is one of the possible options
for the deployment of AVs. To put it simply, instead of continuing to sell cars to consumers, OEMs
would make them available on the basis of a subscription-based service whereby users pay an amount
only when they need the car. Under this hypothesis, car manufacturers may wish to have a more direct
relationship with their customers, however being competitive in the whole value chain is highly
complex. Beyond of that, OEMs are introducing car sharing options in premium cars, but this appears
to be an attempt to align car sharing with the product and not the other way around. For this reason,
considering the positive effects that could arise on a social level, Respondent 6 believes that it should
be the public authority to intervene with initiatives to stimulate the spread of ride-sharing, as claimed
by Krueger et al. (2016). With respect to how AVs should be developed, Respondents 1, 2 and 3
believe that collaboration between OEMs and tech companies is indispensable to achieve the goal
within a reasonable timeframe, because of technical and financial reasons. Moreover, as explained by
Respondent 2, through the acquisition of tech companies, car manufacturers may have the necessary
resources and competences to develop prototypes and bring fully automated vehicles on the road.

Ownership model and go-to-market strategies: As argued by Caballero et al. (2023),

Respondents 1, 2 and 3 also believe that the arrival of AVs will be gradual. In particular, they argue
that autonomous driving features will first be available in high-end vehicles, then gradually spread to
standard versions.

Considered the expected impact on user habits and traffic, Respondents 3, 4, 5, 7 and 9 believe that
AVs should be integrated with public transport. Ride-sharing also seems an attractive prospect in the

eyes of the respondents, however people are not yet familiar with this model. Moreover, Respondent
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6 believes that people are not willing to ride-share, so initiatives must be taken, such as making

parking more expensive.

Stakeholders involvement

City planning: Regarding the realisation of a system that can best accommodate autonomous
driving, what clearly emerges is the need for timely planning and preparation. As argued by
Respondents 3, 5 and 6, it is not enough to introduce AVs, but it is necessary to devise a set of
instruments to incentivise a more efficient use of AVs. For example, Respondent 6 argues that public
authorities should proceed with physical planning and economic incentives, such as parking fees and
congestion charging. Furthermore, it is clear from the words of Respondents 3, 5 and 9 that public
authorities should plan the city based on the space to be dedicated to public transport, pedestrians and
cyclists, leaving what remains for cars. In this way, a human-friendly city could be achieved.
Regarding the specific case of Gothenburg, the city authority should learn from the experience with
the introduction of e-scooters. As pointed out by Respondents 3, 4 and 5, in fact, the lack of rules for
the use of these vehicles led to conflict with pedestrians and cyclists, especially for what concerns the
occupation of sidewalks. This experience could also be useful in the case of AVs. In particular, what
has been learnt with e-scooters leads the researcher to think that pick-up and drop-off points (PUDOs)
should be located at strategic points to not overload city traffic.

Changing the current approach, collaboration and need for strong politicians: Collaboration

seems to be the key word for the development of AVs. Specifically, Respondents 3, 4, 5, 6, 8 and 9
would like to see a joint intervention of governments, municipalities and public transport companies.
Furthermore, it would also be important to involve potential users to educate people early on about
interaction with AVs and give a clearer direction to the work. Then, it would be important for the city
authority to clarify how it intends to implement AVs, as highlighted by Respondents 2, 5, 6, 7 and 8.
Then, the regulator should collaborate with companies on the definition of technical standards to be
met, as Respondents 1, 2 and 9 note. Moreover, it is also advisable that the safety of vehicles is proven
not by the manufacturer, but by a third-party agency. In conclusion, in order to foster the spread of
autonomous driving and enjoy the associated benefits, a change of approach in certain aspects would
be important. In particular, there should be increased collaboration between the municipality of
Gothenburg, the car companies and the local public transport company, as suggested by Respondent
5. In addition, a catch up of regulation over technology development is necessary. To make this
happen, Respondents 1, 8 and 9 hope for a closer partnership between companies and regulatory
agencies to bridge the knowledge gap existing today. This collaboration should also lead to clearer

standards for communication between OEMs and consumers.
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Conclusion

The objective of this thesis is to understand the concerns and perspectives of the main stakeholders
regarding the future implementation of self-driving vehicles in order to come up with
recommendations to successfully promote AVs diffusion. More concretely, the researcher set out to
shed light on the expected impact of the introduction of autonomous driving and the challenges facing
stakeholders, in order to detect the latest trends in this field and define the approach that could lead
to an efficient deployment of autonomous vehicles.

Considering what argued by the respondents of this research, it is possible to formulate an

answer to the posed research questions.
Sub-research question 1: What expected impact will the introduction of AVs have on urban mobility?

AVs are expected to reduce the number of accidents and enhance safety, increase accessibility to
transport, decrease city traffic and offer a more sustainable model of mobility. However, these
benefits are threatened by changing user habits. If the increased comfort, the possibility of using one's
time in the car more pleasantly, and the lower cost associated with time spent travelling lead to greater
car use, the aggregate effects on traffic and sustainability will be detrimental, rather than benign. For
this reason, public intervention to regulate autonomous driving is desirable in order to promote the

most beneficial mobility model for society as a whole and for the city.
Sub-research question 2: How should AVs be implemented to ensure the social benefits promised?

At the present time, one can imagine three implementation systems for AVs, namely integration into
public transport, ride-sharing, and privately-owned vehicles as occurs today. The first case is
undoubtedly the most desirable from the point of view of reducing city traffic. Ride-sharing, then,
seems an excellent support tool that could be of great use especially in areas where the public transport
system is most lacking. Finally, the current model based on individual vehicle ownership seems to be
very desirable for users, but definitely to be avoided because of the effects it could generate at the
aggregate level if not regulated in some way. Given these considerations, it seems that first public
transport and then ride-sharing are the models to prefer. This, however, is at odds with the current
business model of the OEMs that still focus on selling the car and have just embarked on the transition
to providing services. Although they are opening sharing mobility departments, the car manufacturers
do not seem very determined to proceed in this direction at the moment. For this reason, it is the task
of public authorities to intervene to support the strengthening of public transport and the promotion

of ride-sharing.
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Sub-research question 3: What strategy should stakeholders pursue to successfully develop AVs?

For what concerns AVs development, collaboration between stakeholders seems to be the
winning strategy from several points of view. First of all, given the complexity of the technical
challenge and the large investments needed, it is unlikely that companies can work alone on AV
development with satisfactory results. Partnerships between OEMs and technology companies are
therefore necessary, given the expertise required in algorithms, data use, computers and sensor
technology. Then, collaboration between public authorities and industry is crucial. While planning
the future shape of the city, municipalities should share with companies their vision for the
implementation of AVs within the urban context. Collaboration between the public and private
sectors is also desirable from the point of view of regulation, one of the areas most in need of
intervention. Finally, as mentioned above, end users must also be included in the AV development
process. Indeed, public engagement is essential both to clarify customers' expectations on the industry
and to make users more familiar with autonomous driving, thus increasing their confidence in the

technology.

Main research question: What are the main perspectives and concerns of key stakeholders about the

implementation and future deployment of autonomous vehicles?

Several car models with autonomous driving capabilities are currently available, but fully automated
vehicles have not yet been developed. The transition towards autonomous driving will be gradual,
and autonomous driving features that are initially present in premium cars will progressively become
available in standard versions. Respondents highlighted that their main concerns involve technology
development and regulatory frameworks. Despite a widespread optimism among experts and
potential users, it is good to notice that there is no guarantee that fully autonomous driving will ever
hit the road. However, autonomous driving features are likely to become more and more sophisticated
in the years to come, thus posing the conditions for a revolution in the mobility sector. As said before,
the technology is not ready, but regulation is even behind. Therefore, governmental efforts should be
addressed to jointly outline a regulatory framework and define uniform legal standards. With this
respect, attention should be paid to defining safety requirements and eliminating liability issues.
Ultimately, however, what appears to be the most complex challenge to be faced concerns the
creation of a system that can accompany people as smoothly as possible towards the new mobility
model. To make this happen, the active collaboration of all actors is necessary. Every element of the
system will have to be ready as soon as the AVs are available, so as not to cause negative effects on

the city or society, nor limit the autonomous driving market.
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Managerial Implications

The managerial implications deriving from this thesis can be summarised as follows:
e Investing on machine learning to expand the ODD;
e Introducing fees and incentives to make sharing mobility more efficient and attractive;

e Collaborating internationally to provide a level playing field for AVs development.

Theoretical implications

Considering the importance of consumers’ opinions regarding the deployment of a new
technology, researchers should focus on understanding the perceived usefulness and ease of use of
potential customers in relation to AVs. Moreover, understanding the psychological process behind
the adoption of a new technology allows companies to divide the market into different segments
according to the propensity to interact with that technology. When AVs gain a foothold in the market,
this information could be decisive for firms to identify the existing chasm between early adopters and

early majority and to decide whether and when to intensify the effort and investment to promote AVs.

Limitations and Future Research

Considering the research process for this thesis, some limitations can be highlighted. First, the people
interviewed by the researcher were chosen in order to represent the category of stakeholders to which
they belong. However, having often interviewed only one person per stakeholder group due also to
time constraints, the researcher may have been misled by the biases of the interviewees.

For what concerns the opinions of future customers, the results of the thesis are based on a
survey of 118 respondents. To obtain more reliable results, it would be beneficial to extend the
sample, possibly with a more age-balanced group of respondents.

Beyond the composition of the sample, the real problem in listening to the impressions of
future consumers lies in the fact that autonomous driving technology is not yet widespread. Therefore,
future research should consult users' opinions again when many more people have had an experience
of travelling with AVs.

In addition, as previously reported, the increase in vehicle occupancy rates and the spread of
sharing mobility are two necessary conditions for enjoying the social benefits promised by AVs. From
this point of view, however, it is not yet clear how willing users are to switch from the traditional
transport model, based on individual vehicle ownership, to sharing mobility. Furthermore, it is still
to be understood whether differences between consumers exist on a geographical level. Finally, when
talking about initiatives to be taken by public authorities to foster the successful implementation of

AVs it is still unclear what effect these measures would have on customers' willingness to ride share.
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